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EMOTION AND ORGANIZED BEHAVIOUR: EXPERIMENTAL 
DATA BEARING ON THE LEEPER-YOUNG CONTROVERSY? 


WILLIAM R. THOMPSON anv WILLIAM H. HIGGINS 
Wesleyan University, Middletown, Conn. 


A CURRENT INVESTIGATION of the effects of prenatal maternal stress on the 
emotionality of offspring in rats (12) has led to consideration of a 
perennial problem in animal psychology, namely, the nature and measure- 
ment of emotion (3, 4, 8, 10). Of particular interest are the theoretical 
issues (cf. Arnold, 1) that lie behind any attempts to measure emotion in 
animals or men. 

One of the most central of these hinges on whether emotion has an 
organizing or disorganizing effect on behaviour. As Duffy (5) has pointed 
out, this is an old problem. Scientists such as Darwin and Cannon clearly 
felt that emotion was adaptive and biologically useful, giving rise to 
highly organized response-sequences, On the other hand, many psy- 
chology textbook writers, well represented by Young (14), have leaned 
to the view that it has a disturbing or disorganizing effect on behaviour. 
In 1948 Leeper (11) reopened the matter, presenting a view which held 
emotion to be organized and organizing and linked closely to motivation. 
He was supported in this suggestion by Duffy (5) and Webb (15). A 
year later Hebb (9) proposed a compromise between the views of Leeper 
and Young by suggesting essentially that some emotions do in fact 
organize behaviour (pleasure or integrative emotions), while others dis- 
organize it (rage, fear, etc. ). Even these disintegrative emotions, however, 
are often only potentially disorganizing if the initial aggression or flight 
succeeds in removing the arousing situation. 

Recently Bindra (2) has taken a similar approach, arguing that 
Leeper and Young have been concerned with different stages in the 
temporal development of emotional response, Young with an early un- 
organized stage, Leeper with a later organized stage. 

In a nutshell, these have been some of the theoretical developments 
bearing on the problem of emotion as an organizing or disorganizing 
agent. However, despite the excellent theorizing in this area, there is an 
unfortunate paucity of empirical research. The purpose of the present 
paper is to present experimental observations of behaviour subsequent to 
emotional arousal. 

1This research was supported by a grant-in-aid from the National Science Founda- 
tion. We acknowledge with thanks the valuable suggestions made by Dr. Stanley 
Coopersmith of the Wesleyan Department of Psychology. 
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We first habituated a group of rats to either a black or a white com.| 


partment. Following this phase, the experimental animals were given a 
shock at the junction point between the two compartments. Controls did 


not receive shock. Choice-behaviour of experimentals and controls with? 


respect to the familiar and unfamiliar compartments was compared. In 


assessing the results of such a comparison, we used the following terms; f 


emotion—inferentially, an effect induced by shock; organized choice. 


behaviour—a systematic choice of either side as compared with a random f 
choice; adaptive choice-behaviour—for shocked animals, a preponderance | 
of choices to the side to which they were previously habituated as com- | 


pared with controls. In addition to choice-behaviour, we also examined 


behaviour in the compartment chosen subsequent to choice. Two measures | 


were used: activity-level and amount of autonomic activity. The first 


measure provided an index of stability of activity, this being defined as | 
the tendency of any animal to maintain over time the same rank-order | 
position for activity with respect to other animals. This may also be taken | 
as a secondary definition of organized behaviour. The second measure | 


indicated something about level of emotionality as 2 function of time. 


The experiment was thus designed to answer two related questions. | 
First, does emotion allow organized choice-behaviour, and, if so, is the f 
choice adaptive? Secondly, what are the effects of emotion after the | 
choice has been made? Together, both questions would seem to have | 


some relevance to the problem of whether emotion is organizing or not. | 


METHOD 
Subjects 
Sixty albino rats of the Sherman strain (30 male, 30 female), approximately 100 
days old, were used in the experiment. 


Apparatus 


The apparatus used is shown in Figure 1. Shock was given through a grid on the 
floor of the small starting-box which gave entrance to both compartments. The f 
shocking-apparatus delivered a current of approximately 1.0-1.7 mps. A high voltage } 


and high fixed resistance were used in order to minimize the variable resistance of 
the rats. Dimensions of the apparatus are as shown. One compartment was painted 
black, the other white. The floor of each was divided by lines into 12 squares. 


Procedure 


During the pre-shock phase of the experiment half the animals were habituated 
for 10 minutes, one at a time, to the white compartment, half to the black com- ff 


partment, doors between starting-box and appropriate compartment being removed. 


Following this, each of the 15 white- and black-habituated rats, serving as expeti- 
mentals, were removed from the habituation-compartment and immediately placed in | 
the starting-box with the door closed. Here they received a shock of 1-3 sec | 
duration. After the shock the door was raised and the rat made its choice. § 
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Ficure 1. The apparatus used in the experiment. 


The remaining 30 Ss, serving as controls, were placed in the starting-box in like 
manner, but received no shock. A record was taken of the side chosen by each S. 
For 10 experimentals and 10 controls an additional record was taken of behaviour 
during a 10-minute period immediately after choice, as follows: (a) activity-level, 
as given by number of squares traversed in a compartment during each 2-minute 
period of the whole 10-minute trial; (b) autonomic activity, as given by a time 
record of face-washing, grooming, scratching, trembling, etc. Each S underwent all 
phases of the experimental procedure individually. 


RESULTS 


The main results may be described very simply. We will first consider 
choice-behaviour and then turn to the analysis of activity-level, autonomic 
activity, and stability of activity. 


TABLE I 


CHOICE OF FAMILIAR OR UNFAMILIAR COMPARTMENT BY 
EXPERIMENTAL AND CONTROL ANIMALS 








Compartment chosen 


Familiar Unfamiliar 


Experimental (shock) 24 6 
Control (non-shock) 7 23 
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Choice-behaviour 


As shown in Table I, there is a striking tendency for shocked animals 7 
to choose the side to which they were previously habituated and for |) 
non-shocked controls to choose the new side. The difference is significant 
at a very high level of confidence (Chi-square = 17.20, p <.001). Dif- 
ferences between white- and black-habituated animals were negligible | 


in both groups. 


MEAN ACTIVITY—LEVEL 
MEAN SEC. AUTONOMIC ACTIVITY 





1-6 5-8 9-10 
= - 9-10 
MINUTES as =— 
MINUTES 
Oo——O CONTROLS @——-@ EXPERIMENTALS o——-O CONTROLS @——® EXPERIMENTALS 





Ficure 2. (a) Activity level, and (b) autonomic activity (time record) of 10 F 
experimental and 10 control animals during 10 minutes’ observation immediately | 


after choice. 


Activity-level 

The behaviour of experimentals and controls subsequent to choice is 
also very different. As shown in Figure 2 (a), experimental animals show 
a much lower activity-level than controls. The difference is significant 
during the first 4 minutes (t = 3.60, p <.01) and the second 4 (t = 2.01, 
p = .05), but not during the last 2 minutes of the 10-minute trial. In 
addition, the three shocked animals that went to the new side showed a 
mean activity-level considerably below that of the seven that went to 
the old side, Although the difference is not significant, it suggests that 


choice of the familiar side may lessen fear (as represented by lowered 


activity ). 
Autonomic Activity 


As indicated in Figure 2(b), during the first 4 minutes of observation, 
level of autonomic activity (grooming, trembling, etc.) was about the 
same for shocked and for non-shocked animals. Shocked rats showed 
slightly more in the second 4 and last 2 minutes of the 10-minute trial, 
but only during the last 2 minutes did the difference approach significance 
(¢ = 1.90, p >.05, <.10). 
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TABLE II 


STABILITY OF ACTIVITY: RANK-ORDER CORRELATIONS FOR ACTIVITY COMPUTED FOR 
EXPERIMENTAL AND CONTROL ANIMALS BETWEEN SUCCESSIVE 2-MINUTE 
PERIODS OF THE 10-MINUTE Post-CHOICE OBSERVATION TRIAL. 


Periods compared 
1-2 X 3-4 3-4 X 5-6 5-6 X 7-8 7-8 X 9-10 


Experimental (shock) 0.80 0.76 0.61 0.93 
Control (non-shock) 0.02 0.36 0.56 —0.07 


Stability of Activity 

Finally, the activity-level of experimentals was more stable than that of 
controls in this sense: rank-order correlations computed within each 
group between activity scores in each consecutive two-minute period of 
observation were consistently higher for experimentals than for controls. 
These data are summarized in Table II. All but one of the coefficients 
shown for the experimental group were significant. None of those obtained 
for the control group was significant. This presumably indicates that 
emotion, although it depressed activity-level, also made it more stable 
over time. 

In summary, shocked animals, as compared with controls, chose the 
side to which they had been habituated, showed a lower activity level 
but only slightly more autonomic activity, and were more stable with 
respect to activity over time. 


Discussion 


The data indicate that emotion as here defined can be followed by 
choice-behaviour that is not only systematic, but systematic in a highly 
adaptive way. As compared with controls which, in accordance with 
many findings on spontaneous alternation and stimulus satiation (7), 
avoid the side to which they have been habituated, the shocked rats 
seek the familiar side. In this respect their behaviour is as highly organized 
as that of the controls, though in an opposite direction. It is equally 
directive and adaptive. 

Nor is this the only index of organization. Although “organization” may 
be broadly defined as “stability” or “goal-direction,” it may be interpreted 
more exactly in terms of interpredictability between responses or response- 
systems. This interpredictability may be non-temporal or temporal. Thus 
one may regard abilities as exemplifying non-temporal or atemporal 
organization in the sense that, if a person’s performance is known on one 
test in the cluster that defines the ability, a prediction may immediately 
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be made about his performance on other tests in the cluster (6). On the 
other hand, behaviour can be said to be organized in a temporal sense if 
a prediction may be made from behaviour at one moment in time to 
behaviour at another moment, either past or present. This is almost 
identical with the concept of reliability when the latter is applied to 
rank-orders both of persons and of items. 

It is in this second or temporal sense that the concept of organization 
is here used, The data show that, although the level of activity of emo- 
tional animals is lower, it is much more stable than that of controls over 7 
the ten minutes of observation. Since rank-order correlations were used, { 
it is unlikely that there is any relationship between mean level of activity | 
and size of correlation coefficient. In fact, the data do not indicate any | 
such relationship. Consequently, it would appear that the stability of | 
this behaviour is an outcome of emotional stress. 

On the basis of the experimental evidence, we may then state that the 
effect of shock-induced emotionality is to organize behaviour with respect 
to systematic character of choice, adaptiveness of choice, and temporal 
organization of responses. There is little doubt that these characteristics of 
the experimental animals’ behaviour result from some phase of emotion. 
It would be surprising if electric shock did not produce emotion, and 
the depressed activity-level of the experimental animals and their heigh- F 
tened autonomic activity in the final period of the ten-minute trial must 7 
indicate emotional changes of some kind. At the same time a qualifica- 
tion is needed. If the observations of autonomic activity that were taken 
are accurate, it would seem that the full effects of shock were not 
immediate, but took some time to develop. This appears similar to the 7 
delayed effects of the so-called “disaster-reaction” described in human / 
beings by Tyhurst (13) among others. If we accept that such delayed | 
effects occurred in our experiment, we must limit any generalization | 
about the organizing effects of emotion to its initial phases only. It is 
entirely possible that a forced delay period between shock and choice [ 
might yield quite different results. 

With this reservation the general results seem to have considerable — 
relevance to the Leeper-Young controversy, as well as to the further | 


discussions summarized in the introduction. The data indicate that under | 


certain conditions the initial occurrence of emotion may cause or be ‘3 
correlated with highly organized behaviour. Thus the experiment lends 7 
some support to the position taken by Leeper and Duffy. As far as it [7 
goes, it also supports Hebb’s views. Further investigation could well | 


aim at determining those conditions under which the potentiality for | 


disorganization, which Hebb thinks inherent in emotion, is actualized. ( 
A relatively simple extension of the present design, introducing a delay | 
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between shock and choice, might clarify this issue. Experimentation 
along these lines is now being planned. 


SUMMARY 


An experiment was designed to test the view of Leeper and others 
that emotion has an organizing effect on behaviour. Rats were habi- 
tuated to a particular place, either a black or a white compartment. 
Immediately following habituation, experimental animals were given 
an electric shock at the junction-point between the familiar and an un- 
familiar compartment. They could escape by running into either com- 
partment. Control animals were put through the same procedure but 
without shock. For some of the animals, a ten-minute record of activity- 
level and autonomic activity was taken in the compartment they had 
chosen. 

Results were as follows. (1) Shocked rats tended to choose the fa- 
miliar, non-shocked rats the new compartment. The difference was highly 
significant. (2) Activity-level of shocked animals was lower than that 
of controls, especially in the earlier part of the ten-minute observation 
period. (3) Autonomic activity of shocked animals was somewhat greater 
than that of controls though the difference approached significance only 
in the last two minutes of observation. (4) Stability of activity, as 
measured by correlations between successive two-minute periods of the 
ten-minute trial, was much higher for experimentals than controls. 

It was concluded, in accord with Leeper and others, that the initial 
phase of emotional stress may be followed by, or even produce, be- 
haviour that is: (a) highly organized, in the sense of being systematic or 
directed; (b) adaptive; and (c) stable or temporally predictable. 
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ON THE INTER-RELATIONSHIPS AMONG 
ORGANIZATION, MOTIVATION, AND EMOTION 


KENDON SMITH 
The Woman's College of the University of North Carolina 


In 1955, Bindra contributed to this JournaL a brief but, I think, im- 
portant paper (1) in which he re-examined the critical issues in the 
spirited controversy evoked by Leeper’s well-known article of 1948 
(5; 8, 8, 9, 11). Bindra points out that behavioural “organization” played 
an important part both in Leeper’s original discussion and in the debate 
which ensued. As he indicates, however, the term was poorly defined, 
and it is apparent that organization meant substantially different things 
to different participants in the controversy. To Leeper (5), for instance, 
organization seems to have been a quasi-mystical, rather teleological 
concept; for Young (10, p. 51; 11), it was evidently considerably more 
observational. 

To clarify the discussion, Bindra offers an “approximate definition” of 
organization: “Behaviour is organized to its highest degree when it is 
stable (hence predictable) with respect to both its sequence of responses 
and its outcome or goal. Behaviour’s lowest degree of organization exists 
when it shows neither a stable sequence of responses nor a stable outcome; 
responses are, as it were, disconnected. . . . Between these two extremes 
of the dimension lie various degrees of organization” (1, p. 161). He 
then proceeds to offer “organization” as a basic dimension of behaviour, 
comparable with Duffy’s (3) “direction” and “intensity.” In doing so, 
however, he specifically attempts to demonstrate that “motivated be- 
haviour” can not be distinguished from “emotional behaviour” in terms 
of degree of organization. Citing an example of behaviour labelled “emo- 
tional” and one of behaviour labelled “motivational,” he traces the evo- 
lution of each from relative disorganization to comparative organization. 
He concludes that “. . . neither emotional nor motivated behaviour can 
be identified with organized or disorganized behaviour” (1, p. 165) and 
adds, “The immediate problem is to refine the concept ‘organization’ 
beyond what has been done for the purposes of the present discussion” 
(1, p. 167). 


“ORGANIZATION AND ITs SIGNIFICANCE 


Manifestly, the notion of organization is important, and Bindra has con- 
tributed materially towards its clarification. Any attempt tc refine the 
concept would probably represent individual preference rather than logi- 
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cal virtue. Personally, however, I should be inclined to avoid reference to 
“outcome” or “goal,” to focus attention upon the stability or predictability 
of the behaviour itself, and thus to think of behaviour as being organized 
in the degree to which it is composed of strongly habitual responses. 
“Organized” behaviour, then, would be composed of well-learned re- 
sponses of relatively great strength of habit. enjoying virtual freedom from 
competing responses; and “disorganized” behaviour would consist of 
responses lacking such prepotence, readily extinguishable by negative 
reinforcement, and prey to many competing, alternative responses. 

In addition to emphasizing the dimension of organization, Bindra offers 
the challenging suggestion that organization is a dimension which cuts © 
across all behaviour, and specifically across emotional and motivated | 
behaviour. This suggestion merits serious consideration; but it is, I 
believe, a debatable one. 

Bindra himself argues his point mainly by reference to two accounts © 
of animal behaviour, Hebb’s description of fear in chimpanzees (4) and 
Spragg’s report of chimpanzees’ addiction to morphine (7), and shows 
that, in both cases, the animals’ behaviour progressed from a state of 
lesser to a state of greater organization. He chooses, however, to regard 
the first case as one of “emotion” and the second as one of “motivation”, 
and therefore concludes that any degree of organization may characterize 
either emotional or motivated behaviour. Now, it seems apparent that 
the labels here are quite arbitrary. Almost anyone reading Hebb’s and 
Spragg’s accounts would agree that the animals were most “emotional” 
at the beginning of each study and became progressively less so as time 
went by. In short, what Bindra’s arguments seem to demonstrate most 
clearly is that, given some degree of motivation in behaviour, the true 
criterion of emotion is disorganization. 

The evolution from disorganization to organization observed in Hebb’s 
and Spragg’s animals is, of course, a general feature of human living also; 
and, when it occurs, it is usually regarded as a change in emotionality. 
Thus, individuals who enter especially hazardous occupations (firemen, 
steelworkers, prizefighters, or pickpockets, for instance) typically do so 
with a strong motivation towards avoiding disaster but with relatively 
weak habitual responses to the occupational situation; their initial be- 
haviour is disorganized and thus “emotional.” As they achieve vocational 
sophistication, however, and their behaviour becomes increasingly or- 
ganized, they find themselves to be less and less “emotional”—although, 
it should be noted, no less strongly motivated. Persons who must perform 
in public characteristically exhibit similar histories. The desire to make 
a good appearance remains very strong; but the initial behaviour, being 
disorganized, is “emotional,” while the practised behaviour, smoothly and 
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efficiently channelized, is much less so. Every soldier hopes to survive 
the battle, but the new recruit is much more “emotional” than the 
veteran. And examples can be multiplied. We must not lose sight of the 
fact that, in general, “emotion” is also a function of degree of motivation; 
and there seems to be no real distinction between “emotion” and “emo- 
tional behaviour.” In fine, then, behaviour is here conceived to be “emo- 
tional” to the degree that it is (a) motivated and (b) disorganized; 
“emotion” is behaviour which is highly motivated but poorly organized. 

Now, this thought is not a new one. It is almost banal. It is, in fact, 
just the sort of thing Leeper (5) set out to demolish in the first place. It 
was vulnerable to Leeper’s attack partly because it was often badly or 
equivocally stated; I have attempted to remedy this defect. It was also 
vulnerable because of the problem of “pleasurable emotions,” and I hope 
now to dispose of that problem. 
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“PLEASURABLE EMOTIONS” 


In essence, the issue of “pleasurable emotions” may be stated rather 
succinctly. If emotion is defined as behaviour which is highly motivated 
but poorly organized, then emotion must be a reaction to deprivation; 
it can hardly arise from satisfaction. But it is a matter of common 
experience that what we call emotion often does occur in rewarding situ- 
ations. This fact appears to contradict the definition and thus to invalidate 
it. 

The solution to this problem is, in a sense, simple: there may be 
emotions in pleasurable situations, but there are no “pleasurable emotions.” 
The wife who waits at the railroad station for the husband she has not 
seen in many months is excited, not by the rewarding features of this 
generally pleasurable situation, but by its attendant uncertainties. As 
rapport between husband and wife is re-established, these uncertainties 
(and their resultant emotional responses ) will die away. The same pattern 
is discernible in the history of many successful marriages; without be- 
coming any less rewarding, the relationship does become less emotional 
as its uncertainties diminish. The politician who achieves election and the 
graduate student who passes his qualifying examinations become emo- 
tional, not because of success itself, but because success thrusts them 
suddenly into new and rather threatening roles, each with its new perils 
and rivalries. And surely the “pleasurable emotion” of humour is a case ‘ 
in point. There are many theories of laughter, but almost all stress the 
element of threat or of thwarted expectation in the humorous situation; 
every parent knows that an infant who is laughing uproariously is not 
too far from tears. 
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Thus, although emotion may indeed arise in generally rewarding cir- 


cumstances, there is reason to believe that it actually arises from subtle § 


deprivations within the total situation. The definition of emotion as highly 
motivated but poorly organized behaviour accordingly remains intact. 


SOME IMPLICATIONS OF THE ARGUMENT 


This paper has attempted to elaborate and to modify Bindra’s (1) views § 


and, indirectly, to answer Leeper’s (5) original objections. Before con- 
cluding it, however, it may be well to indicate very briefly some of the 
more important implications of the conceptualizations reached here, 
They are as follows. 

(1) Autonomic and visceral arousal is a common and interesting 
by-product of most emotional behaviour, but it is not at all crucial to the 
conceptualization or the recognition of emotion. Thirty years ago, Cannon 
(2) pointed out that visceral responses are too sluggish (among other 
things) to be an essential part of the emotional response; and medical 
experience indicates that, although persons who are sympathectomized 
may be relieved of the visceral consequences of anxiety, they are not 
relieved of the anxiety itself. There is strong evidence that autonomic 
responses are subject neither to emotional conditioning nor to any other 
kind of learning (6). Finally, of course, it is worth remembering that 


elaborate visceral activity follows upon any bodily exertion, emotional or | 


not. 
(2) Again, a heightened level of general activity is an important 
aspect of many emotional responses, but it is not a defining property of 


emotion. Some of the most striking emotional states known seem to be ‘ 
characterized by profound lethargy; and some of our least emotional | 
behaviour (manual labour, for instance) is carried out at high levels of ; 


activation. 


(8) There seems virtually no justification for the facile presumption i 


that, neurologically speaking, emotional behaviour is subcortically me- 


diated. Those who regard the disorganization of emotion as ipso facto © 
evidence of functional decortication might reflect upon an equally | 


plausible presumption: that the mediation of smooth, well-organized * 


behaviour is relegated to the lower centres, while the higher centres are 
reserved for the complexities of trial-and-error in emotional situations. 
The most likely possibility of all, of course, is that there are no nice 
“centres for emotion”; and this possibility is hardly vitiated by our cur- 
rently fragmentary neurological information. 

(4) Finally, it should be stressed that emotions are not drives or 
motives, at least in the first instance. They are merely one form which 
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motivated behaviour may assume (cf. Young’s discussion in 11). Our 
culture may teach us to fear emotional arousal within us, just as it teaches 
us to fear neoplasms which grow uncommonly fast; but this fact does 
not qualify the emotion, any more than it does the neoplasm, as a drive. 
The simple and basic fact is that, »nce aroused, motivated behaviour 
may be more or less organized and, thus, more or less emotional. 





: SUMMARY 


_ In extension of a discussion by Bindra (1), it is argued that behaviour 
. | is called “emotional” in the degree to which it is highly motivated and 
poorly organized, “organization” being defined in terms of the strength of 
habit of the responses involved. This conceptualization is applied to the 
“pleasurable emotions,” and some implications of the general analysis 
are also specified. 
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A TIME-SAMPLE METHOD FOR MEASURING GENERAL 
ACTIVITY AND ITS COMPONENTS? 


DALBIR BINDRA anp JOYCE BLOND2 
McGill University 


THE STABILIMETER and activity wheel are currently the most commonly 
employed devices for measuring activity in the rat. Both these devices 
yield what are called “general activity” scores. When the stabilimeter 
is used, all responses of the animal that cause enough disturbance to 
tilt its cage contribute to activity scores. This method weights a change 
in posture during sleep as highly as any component of waking activity, 
indiscriminately summing yawning and stretching movements with those 
of grooming and locomotion. In the case of the activity wheel, it is the 
speed and duration of walking in the wheel that determine the activity 
score; responses other than walking, and all responses in the living-cage 
part of the apparatus, do not contribute to the score. This note suggests 
a simple observational procedure which yields separate scores for the 
various (specified) components of activity; each score is based on the 
frequency of occurrence of one of the classes of responses (sniffing, 
grooming, walking, etc.) that make up the “general activity” of the rat. 

The procedure proposed is an adaptation of the time-sample method 
previously employed in studying the behaviour of mice (e.g., 4), monkeys 
(e.g., 2), and human subjects (e.g., 3). The time-sample method, as 
commonly used, involves making continuous records of the actions of 
subjects during a fixed interval of time. The various actions listed in the 
record are then classified into response categories designed to suit the 
purposes of the investigation. The procedure suggested here modifies 
the above method in two ways. First, the response categories employed 
are as far as possible descriptive rather than interpretive. The responses 
are categorized as they occur and noted directly on a data sheet; thus 
no subsequent “translation” of the rat’s actions into response categories is 
needed. Secondly, the responses are recorded only at certain moments 
during the observation period. Instead of making a continuous record of 
“all” responses of the animal, only the responses that are in process of 
occurring at the start of each x-second interval are noted. 

This procedure can be illustrated by one of our preliminary investi- 
gations. We observed each of six rats once a day over several days. The 

1This study was supported by the National Research Council of Canada (Grant 


A.P. 27). D. O. Hebb and Helen Mahut critically read an earlier draft of this note. 
2Now at Yale University. 
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rat was put in an observation cage for a 15-minute observation period, and 
its action (response) at the beginning of each 6-second interval (marked 
by the click of a timer) was recorded. Pilot studies had suggested the 
following response categories as suitable for describing the various aspects 
of the rat's general activity: 

W-—Locomotion: rat walks or shifts its position so as to involve all four 
limbs. 

G—Grooming: rat licks, scratches, or “cleans” any part of its body. 
S—Sniffing: rapid movement of the whiskers, usually accompanied by 
nose-twitching, sound of sniffing, neck-stretching, rearing. 

L—Lying: rat sits more or less motionless or sleeps, the abdomen resting 
on floor of cage. 

M—Miscellaneous: a left-over category for responses such as chattering 
of the teeth, licking parts of the apparatus, sitting motionless (“freezing”), 
rearing ( without sniffing ), and so on. 

These response categories were made mutually exclusive by requiring 
that only one entry be made even when the animal simultanously made 
responses belonging to two classes; the order of priority for determining 
which of the two responses to enter was the order shown in the above 
list. In our experience only sniffing (S) and rearing (M) overlapped; 
thus (M) was entered only on those few occasions when rearing was not 
accompanied by sniffing. This last category, “miscellaneous responses,” 
was added to make the categories exhaustive. For certain investigations 
it might be subdivided into a number of separate response classes. 

The record (LLGGSWGSGW M.6§, etc.) of each animal contained 
. 150 responses for each observation period of 15 minutes. The frequency 
of each response category showed not only how active the animal was in 
terms of locomotion (W), but also how inactive (L) it was, and how 
much it groomed (G) and sniffed (S). While there is no generally 
accepted statistic for determining the reliability of categorical data, the 
high reliability of the proposed method is indicated by two facts. First, 
two observers, simultaneously recording the responses of a rat, showed 
85 per cent agreeinent in assigning individual responses to the categories. 
Second, for each animal the rank orders of the frequencies in the various 
categories on two successive test days were found to be identical or 
almost so, indicating a high test-retest reliability. 

That the scores obtained by this method are sensitive to some com- 
monly employed experimental conditions and can be used as meaningful 
dependent variables is shown by the following results from a number of 
exploratory studies. (a) As animals became familiar with the observation 
cage with repeated testing over 16 days, the frequency of W and S de- 
creased significantly and that of G increased, (b) Intraperitoneal in- 
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jections of benzedrine sulphate, 3 mg./kg., 15 minutes before testing 
resulted in significantly decreased G, and increased W and S. (c) In 
jections of picrotoxin, 4 mg./kg., and Nembutal, 40 mg./kg., similarly 
administered, decreased G but failed significantly to affect the other 
measures. (d) Miss H. Lempert (unpublished Honours thesis, McGill 
University, 1957) repeated an experiment by Campbell and Sheffield (1), 
They had shown that the activity (stabilimeter) of hungry rats increases 
only when they are exposed to stimuli that have regularly preceded 
feeding. Employing the time-sample method described above, Lempert 
found the frequency of W to increase in the same way as did Campbell 
and Sheffield’s stabilimeter activity scores. But Lempert’s study yielded 
some additional information: together with an increase in W, she found 
an increase in S, and a decrease in both L and G. 


In summary, the proposed time-sample procedure supplements the | 


stabilimeter and activity-wheel methods insofar as it yields separate 
measures of the various components of general activity. These individual 
measures appear more sensitive to certain experimental conditions (e.g, 
injections of drugs) than are the traditional “general activity” scores. 
Thus, the procedure can be employed in situations where a finer analysis 
of general activity is required. In addition, the method has the advan- 
tage of not requiring any special apparatus; and, if the rat is observed in 
its home cage, no time is wasted in habituating the animal to a new 
“activity cage.” 
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EFFECTS OF CORTICAL STIMULATION ON 
HABIT ACQUISITION?! 


NEAL M. BURNS anp GORDON J. MOGENSON? 
McGill University 


SEVERAL STUDIES in recent years have dealt with the motor and electro- 
encephalographic effects of electrical stimulation delivered to the brain 
of an alert and moving organism (3, 4, 7, 9). Additional investigations 
have dealt with the consequences of stimulation in learning situations. 
Chiles (2), for example, reports that diencephalic stimulation delivered 
during performance of a learned response interfered with the pre- 
viously acquired habit. Rosvold and Delgado (14) investigated the 
effects of stimulation of the frontal poles in monkeys during perform- 
ance of a delayed alternation task. Stimulation of the caudate resulted 
in scores significantly inferior to those obtained from the same animals 
during non-stimulation trials; performance of animals receiving stimu- 
lation of the medial and orbital surfaces of the cortex was also inferior 
though the difference was not statistically significant. 

Although the study to be reported here is concerned with the 
disruption of learning processes, it began as an attempt to use stimu- 
lation of the cerebral cortex in rats as a conditioned stimulus (CS) 
in a design similar to that described by Doty, Rutledge, and Larsen (6). 
Before each bar-press in a Skinner box the animals received a short 
burst of cortical stimulation followed by delivery of a food pellet. After 
a number of training trials, the animals received food pellets only if 
they pressed within a predetermined interval following random pre- 
sentations of cortical stimulation, that is, of the CS. The animals, how- 
ever, did not learn to bar-press under these conditions, and this fact 
gave rise to the present study. In contrast to experiments dealing with 
performance paradigms, it is concerned with the interference produced 
by cortical stimulation with acquisition of a response. 


METHOD 


The procedure involved is described in detail elsewhere (1, 12, 18). In brief, 
a bipolar electrode, consisting of two strands of enameled nichrome wire, is 





1This research was supported by grants from the Ford and Rockefeller Founda- 
tions. Acknowledgment is also gratefully extended to Mrs. Sondra Burns for her 
assistance throughout the investigation. 
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permanently implanted in the rat’s brain. The lucite block in which the nichrome 
wires are cemented is screwed to the animal's skull, and the bare electrode tip is 
set into the underlying cortex through a dental burr hole drilled into the skull, 
After completion of the experiment, the sites of stimulation are verified by micro- 
scopic examination of histological sections. 

In 4 of our 20 experimental animals the electrode tract could not be identified, | 
owing to the shortness of the electrode wires or to cortical damage during removal | 
of the brain. In these animals it was possible to make a satisfactory estimate of the ' 
location by reference to: (a) sketches of the brains made at the time of removal, | 
(b) the Krieg co-ordinates at which the electrode was implanted, and (c) the | 
length of the electrode wires. The placements for all the experimental animals | 
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mann’s nomenclature. 
The subjects were 50 male hooded rats from the Royal Victoria colony. Of 
these 20 served as normal control subjects. A group of 30 animals had cortical . 


electrodes implanted, 10 of these serving as operated controls, receiving no 
stimulation during the experiment, and 20 serving as experimentals. The animals | “ 
were tested, after 23 hours of food deprivation, for 15 minutes daily on 10 suc- 0 
cessive days in a conventional Skinner box with the food cup just to the left st 
of the bar. Subjects in the experimental and operated control groups had a flexible | 
lead attached to their electrodes while they were in the box. 
Each experimental animal was first stimulated outside the testing situation in 
order to determine a voltage well below its behavioural threshold. The resulting 
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range for the group was 1.5 to 6.0 volts. The voltage chosen was not varied 
during the course of the study. All the animals received a food pellet after each 
bar-press, but when the rats in the experimental group depressed the bar they 
received in addition a 2-second burst of 60-cycle sine-wave provided by a trans- 
former from the power line. Each depression of the bar activated an electrical 
counter and caused the delivery of a food pellet or, in the appropriate cases, a 
food pellet plus a short burst of electrical stimulation. 


RESULTS 


The data for operated and non-operated controls were combined 
after it was found that the scores for these groups did not differ 
significantly. The mean numbers of lever-pressing responses per day 
made by the experimental and control groups during the 10-day test 
period are shown in Figure 2. It can be seen that the experimental 
animals made fewer responses than the controls, and that this difference 
increased from day to day. A Mann-Whitney U test (10), employed to 
assess the group differences over the last three days, gave a p of .01. 
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Ficure 2. Mean numbers of re- Figure 3. Percentage of pellets left 
sponses per day by experimental and on each testing day by experimental 
control groups during 10-day period. and control groups. (Control group 

ate 99.7 per cent of pellets; hence the 
flat curve.) 


Normal animals on a food schedule typically eat the pellets they 
earn in a bar-pressing situation, but it was observed that our stimulated 
animals frequently did not eat the pellets. Records were therefore kept 
of the number of pellets left in the food cup after each 15-minute 
session. The percentages of uneaten pellets for the animals on which 
quantitative data were obtained are shown in Figure 3. Again a Mann- 
Whitney U test was used to assess the differences between the two 
groups. This was done for the first three and the last three days, the 
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differences being significant at the .001 and the .01 levels respectively, 
The stimulated animals, then, were pressing less, yet leaving more 
pellets than the controls. 


Discussion 


The idea that the decreased rate of responding was caused by the 
aversive nature of the stimulation can readily be discarded. First, in 
no case did the animal appear to be suffering any discomfort as the 
result of stimulation. Secondly, the response rate of the experimental 
group was higher than that obtained from a separate group of animals 
run in the Skinner box for operant level determinations. 


One might also suggest that stimulation of the cortex during a lear. | 
ing situation produces alterations in the over-all stimulus complex and | 


thus introduces many irrelevant responses. This argument would imply 
that there were sensory “consequences” resulting from the stimulation. 
Chiles (2) points to this as a possible explanation for the depressed 
rate of bar pressing he observed in his performance animals under 
diencephalic stimulation. In support of this, he reports a greater vari- 
ance for the animals during their stimulated trials. However, this does 
not seem to be the case in our experiment, the F ratio of the two 
groups over the last three days not revealing any significant difference 
(F=1.15). 

Another interpretation is that stimulation resulted in a motivational 
deficit (i.e., loss of appetite) in the rats, who therefore left more 
pellets than did the controls. This argument poses problems which the 
present experiment cannot handle. Certain learning theorists (notably 
Hull) insist that learning takes place only as a consequence of rein- 
forcement, and would point to this lowered drive as the most obvious 
cause of the decreased response rate in the experimental animals. 
Additional research in this laboratory, however, has shown that when 
stimulation is introduced after the animals have acquired the bar- 
pressing habit (ie, a performance paradigm), although a decrease in 
response rate is still observed, the animals will eat whatever pellets 
they have earned. 

Hence, we propose instead that the deficits reported in this study 
are due to interference with more central integrative processes. Denny 
and Adelman (5) have discussed the chaining of responses that is 
necessary in Skinner-box performance, suggesting that a more complex 
sequence of behaviour is involved than that normally considered. The 
two-second burst of electrical stimulation which the animals received 
with each bar-press slightly preceded the appearance of a pellet in the 
food cup and, in fact, occurred in the presence of some of the sup- 
portive cues (eg., the mechanism “click”) that normally facilitate 
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formation of the bar-pressing habit. This sort of direct central inter- 
ference might well impair the consolidative processes necessary for 
establishment of the responses that make up the bar-pressing-eating 
sequence. 

Support for this notion has come from other work in our laboratory 
by Mahut (11) and Glickman (8). Their findings were, in essence, 
that short bursts of low voltage electrical stimulation delivered to the 
non-specific projection system during problem solving or avoidance 
learning interfered with retention of the habit. These studies, how- 
ever, were concerned with diffuse neuronal systems projecting to several 
cortical areas. In con{ the significant effects reported here resulted 
from stimulation of comparatively discrete cortical areas. There is 
clearly need for further investigation of the widespread changes pro- 
duced by cortical stimulation. 


SUMMARY 


The effect of electrical stimulation to the cortex on acquisition of a 
learned response was investigated. Rats receiving cortical stimulation 
each time they pressed the bar in a Skinner box for food pellets made 
significantly fewer responses than control animals over a ten-day test- 
ing period. The experimental animals also left significantly more pellets 
uneaten. It is proposed that the cortical stimulation interferes with central 
integrative processes involved in the chaining of responses necessary for 
the bar-pressing-eating sequence. 
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AN ANALYSIS OF THE DIFFERENTIAL EFFECTS OF ECS ON 
MEMORY IN YOUNG AND ADULT RATS! 


ROBERT THOMPSON, FRANCOIS HARAVEY, DEMPSEY F. PENNINGTON, 
JAMES SMITH, JR., DONALD GANNON, anp FREDERICK STOCKWELL 


Southeast Louisiana Hospital and Louisiana State University 


CLINICAL EVIDENCE that newly acquired memories are more unstable than 
remote memories existed as early as 1881 (cf. 6). Only recently, however, 
has it been experimentally established that the stability of the memory 
trace within certain limits is directly related to the age of the acquired 
habit. This relationship has been demonstrated through the use of such 
interfering agents as electroshock convulsions (3, 15, 22), discrete sub- 
cortical stimulation (11), anoxia (15, 23), hypothermia (2, 15), anaes- 
thesia (10), and generalized light stimulation (18). 

These results are relevant to physiological theories of learning and 
memory. In particular, they give substantial support to the notion that the 
neurochemical substrate of memory is not completely established at the 
conclusion of training. Complete formation of the neural association seems 
to occur only after the operation of certain persisting organic events. 
Specific parts of the brain may facilitate these processes (16). This view 
of the memory trace is clearly contained in the classical perseveration 
theory of Miiller and Pilzecker (12), which states that there is a con- 
tinuance of certain neurological events initiated by training, the intensity 
of these events subsiding in a few minutes. If uninterrupted, this per- 
severative activity has the effect of strengthening or consolidating the 
learned associations. When perseveration is disrupted, however, the 
consolidation process is stopped and the memory trace weakened. The 
degree of weakening is greatest when perseveration is disrupted im- 
mediately after the termination of training. 

Whether these perseverating events precede or follow the appearance 
of the neural trace was not specifically stated by Miiller and Pilzecker. By 
postulating a reverberatory mechanism (5), perseveration would be 
viewed not only as preceding the formation of the structural trace, but 
also as instrumental in its establishment. Consolidation, therefore, repre- 
sents the formation of the structural neural trace through reverberatory 
activity, a process which is halted by the intervention of treatments such 
as ECS. 

1This study was supported, in part, by research grant M-1516 to the senior 


author from the National Institute of Mental Health of the National Institute of 
Health, U. S. Public Health Service. 
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Another mechanism is possible which conceives of perseveration as 
following the appearance of the trace (23). A structural trace may be 
produced almost immediately after termination of a trial, with perhaps 
brief reverberation. This trace may constitute some rapid growth process 
which is accompanied by a transient increase in metabolic activity (per- 
severation ), particularly at the site of these growth changes. Any con- 
dition causing cerebral anoxia would interfere with the heightened 
metabolic activity and thus cause some degeneration of the trace. Con- 
solidation, in this case, represents a decreased lability of the structural 
neural trace. This latter view has the advantage over the former to the 
extent that it provides a simplified explanation of the marked deficit in 
memory which occurs when an ECS is administered after S has com- 
pletely mastered a learned habit (22). 

It is the purpose of the present paper to examine several factors which 
influence the susceptibility of the perseverative trace to interference. 
Electroconvulsive shock was used as the interfering source since this 
treatment has been shown to cause maximal retroactive inhibition and, 
hence, completely disrupts whatever physiological events are associated 
with perseveration (19). Specifically, the present experiments focus upon 
the intriguing finding that ECS produces a greater memory loss in young 
rats than in adults (20). The initial experiment reported below confirms 
this finding, and the succeeding three experiments test various hypotheses 
introduced to explain it. 


METHOD 
Subjects and Apparatus 

Harlan strain albino rats were used throughout these experiments. Except in the 
first experiment, the Ss ranged in age from 60 to 150 days at the beginning of pre- 
liminary training. Both males and females were used. No special attempt was made 
to equate each group in terms of sex, since previous work revealed that males 
exhibit about the same memory loss following ECS as do females (14, 20). All groups, 
however, were randomly selected, and the experimental conditions were assigned to 
each group by the flip of a coin. Except during the time of training on the apparatus, 
each S was kept in an individual cage constantly supplied with food and water. 
Each experiment involved two or more Es. To avoid any bias from this possible 
source of error, the Ss within each group were distributed as equally as possible 
to each E. 

The learning apparatus used throughout was a two-choice discrimination box 
utilizing the motive of shock-avoidance. Detailed description of the apparatus may 
be found elsewhere ( 21, 22). It consisted of a start box, choice chamber and goal 
box. The former two compartments, which had a grid floor, were separated by a 
vertically sliding door. The goal-box floor was made of wood. Two windows, 3% in. 
square, at the end of the choice chamber provided the only means by which S$ could 
enter the goal box. A vertical partition separated the windows and extended 3 in. 
into the choice chamber. The grid section, extending from the base of each window 
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to the end of the partition, was wired independently from the remaining grid floor 
of the apparatus. Manipulation of a knife-switch charged either the left or the right 
section. The entire grid floor was charged by an A.C. source of approximately 35 v. 


Procedure 

H Preliminary training on the apparatus was the same in all experiments. On days 
. — 1 and 2, S was allowed to explore the goal box for a 10-minute period. Cards placed 
ee windows prevented S from entering the choice chamber. On day 3, 

| S$ was trained to run from the start box, through the open windows, and into the 

goal box in order to avoid shock. Specifically, S was placed in the start box and the 
| door raised. Failure to leave the start box within 5 sec. was followed by intermittent 
: shocks from the grid floor. If S remained in the choice chamber longer than 30 sec., 
the grid was again charged intermittently. This procedure was continued until S 
ran three successive trials without the aid of shock. On day 4, the same training 
procedure was used, except that medium gray cards were placed against the windows 
through which S was trained to run. 

Training on the test problem for which retention after ECS was subsequently 
measured was instituted 24 hours after completion of preliminary training. The test 
problem consisted of a brightness discrimination involving homogeneous gray cards 
differing only in reflectance. A response to the positive stimulus (e.g., light card) 
admitted S to the goal box, whereas a response to the locked negative stimulus 
(e.g., dark card) was punished. Punishment was automatic receipt of an electric 
shock from the grid section below the negative stimulus card. The positive card was 
shifted from right to left in a prearranged random order. The inter-trial interval 
was 45 sec. The specific training procedure was as follows: S was placed in the 
start box and the door raised. If S failed to leave the start box within 5 sec., the grid 
was charged briefly. No further shock was given unless S made an error or failed 
to make a choice within 30 sec. An error was defined as an approach response to 
the negative stimulus which brought S’s forefeet in contact with the charged grid 
section. The correction technique was used and only initial errors were recorded. 

The convulsive shock unit which is described elsewhere (22) emitted an A.C. 
charge of approximately 50 Ma. for a duration of 0.5 sec. The current was ad- 
ministered through alligator clips attached to S’s ears. 














































EXPERIMENT | 


The purpose of this experiment was to extend the findings of a previous 
study (20) which showed that ECS produces a significantly larger 
memory decrement in young rats (30 days old) than in adults (200 
days old). 


Procedure 


The age levels investigated were as follows: 30 days, 40 days, 50 days, and 60 
days. To obtain accurate age determinations, the Ss were selected from litters born 
in the laboratory. The split-litter method was used in distributing the Ss into the 
four groups. Of the 24 Ss in each age group, 16 served as experimentals (ECS 
given following training), the remaining 8 as controls. 

After preliminary training, all Ss were given 20 massed trials on a brightness 
discrimination problem, the inter-trial interval being 45 sec. The light card 
(74 per cent reflectance) constituted the positive stimulus, while the dark card 
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(30 per cent reflectance) constituted the negative stimulus. Thirty seconds after | 


completing trial 20, each experimental S received a convulsive shock. Following 
the convulsion, S$ was returned to its home cage. The control Ss were returned to 
their home cages immediately after completion of trial 20. 

Twenty-four hours later all Ss were given an additional 20 trials on the same 
problem, the training procedure being identical with that used during the pre- 
shock trials. The number of errors made during this post-shock period constituted 
the index of retention. 


Results 


Concerning performance on the 20 pre-shock trials, a simple analysis 
of variance applied to the error scores of all sub-groups yielded an F 
whose magnitude was less than unity. The sub-groups were thus com- 
parable in initial learning. 

Figure 1 graphically shows the mean error scores for all sub-groups 
on the 20 post-shock trials, and Table I summarizes the analysis of 
variance of these data. The significant main effects of shock and age 
are consistent with the results of the related study (20). A t-test of 


MEAN ERRORS 


» 40 5% 60 


AGE ( days) 


Ficure 1. Performance on retention trials 
under control and convulsive conditions as a 
function of age (Experiment I). 


the differences between the convulsed and corresponding control Ss 
revealed that ECS significantly retarded performance on the last 20 
trials at all age levels (p values .01 or better). The significant inter- 
action is of importance in that it indicates that the disruptive effects 
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TABLE I 


ANALYSIS OF VARIANCE OF Post-SHOCK ERRORS (EXPERIMENT I!) 


Source of df Mean F P 


variation square 
Shock 1 78.01 25.41 -001 
Age 3 16.52 5.38 01 
Interaction 3 17.70 5.77 01 
Within 88 3.07 
TOTAL 95 


of ECS vary with the age of S. Since none of the differences among the 
control sub-groups approached statistical significance, this interaction 
was analysed by testing the differences in performance occurring among 
the various experimental sub-groups. It was found that the 30-day 
Ss made significantly more errors than either the 50-day or the 60-day 
Ss (p .01); the 40-day Ss made more than the 50-day Ss (p .05); and 
marginally exceeded the 60-day Ss (p. 10). The remaining differences 
were insignificant. 

These results provide further evidence that the deleterious effect of 
ECS on memory is a function of age in the white rat, being inversely 
related to age within the limits of 30 and 50 days. The magnitude of 
the deficit does not seem to vary significantly after 50 days. This is 
shown not only by comparison of the 50 and 60-day Ss, but also by the 
similarity of the deficit of the 60-day group in this study to that of the 
200-day group in a previous study (20). Thus the data on the reduction 
of the memory deficit with age suggest the existence of a critical period 
lying between 40 and 50 days. 


EXPERIMENT II 


One immediate possibility which might account for the foregoing age 
effect concerns the degree of previous visual experience. Since adult rats 
have had more visual stimulation than young rats, the new visual habit 
might have been integrated to a greater extent with previous learning 
and the memory loss consequently less. That is, the new habit would be 
more “meaningful” to adult rats through its association with related 
habits previously acquired, and this might account for the greater resis- 
tance of the trace to interference. Although this explanation is weakened 
by the fact that no reliable differences in learning speed as . function 
of age were observed, it was tested by comparing rats reared in darkness 
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with those normally reared as to the amount of memory loss produced by 
ECS. 


Procedure 


From 6 litters born in the laboratory 46 Ss were derived. At the age of 8 days 
the Ss were divided by the split-litter technique into 2 groups of 23 Ss each. One 
group (group D) was raised in a light-proof room, while the other (group L) was 
raised in an adjacent windowed room illuminated by artificial as well as natural 
lighting. All Ss were weaned at 25 days and placed in individual cages in their 
respective rooms. 

Preliminary training on the discrimination apparatus was begun when the Ss 
reached the age of 65 days. Throughout the remainder of the experiment, the 
home cages of group L were placed in the dark room along with group D. This 
move seemed desirable in view of recent findings (21) that the degree of inter- 
polated illumination influences retention of a visual discrimination problem. 

The test problem was the same as that described in Experiment I. Each § 
received 20 trials on the brightness discrimination, with the light card as positive 
stimulus. Then 30 sec. after trial 20, 13 Ss from each main group received an 
ECS. The remaining 10 Ss in each group represented controls, to which no ECS was 
given. 

Each S was given an additional 20 trials 24 hours later on the same problem. The 
number of initial errors made during this post-shock period was used as the measure 
of retention. 


Results 

Performance on the initial 20 trials showed no significant differences 
either between the light and dark-reared Ss or between the convulsed 
and contro] Ss. Post-shock performance revealed perceptible differences 
in retention between the convulsed and control animals, but no apparent 
differences between the differentially reared animals. An analysis of 
variance of the post-shock errors gave a significant F for the main effect 
of shock in retarding performance on the last 20 trials, but the remaining 
Fs were insignificant. Thus ECS had no differential effect on memory 
in dark- and light-reared rats. 


EXPERIMENT III 


Another possible explanation for the age effect suggests itself from the 
data on survival time to anoxia. Rats between the ages of 30 and 40 days 
are more susceptible to anoxia than adults (1). One contributing factor 
to the shorter survival time of the younger rats is their higher cerebral 
metabolism. Since one concomitant of ECS is cerebral hypoxia (7), the 
more marked deficit in the young rats might be due to the relatively 
greater physiological effect of the convulsion. Recent evidence that the 
magnitude of memory loss increases with increasing degrees of inter- 
polated anoxia (19) makes this explanation plausible. 
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In Experiment III the effect of hypothyroidism on the memory decre- 
ment produced by ECS was investigated. The hypothyroid state was 
regarded as a more appropriate condition than hyperthyroidism because 
the former definitely depresses cerebral metabolism, while the latter, 
although increasing BMR, has a questionable effect on CMR (17). 


Procedure 


In all 16 albino rats were used, their ages ranging from 60 to 80 days at the time 
of the thyroid operation. Half the Ss (group E) were subjected to a bilateral 
thyro-parathyroidectomy, the surgical technique being similar to that outlined by 
Griffiths and Farris (7). The remaining Ss (group C) were subjected to a sham 
operation involving an incision and retraction of the neck muscles to expose the 
thyroid glands. After removal of the thyroids in group E and thyroid exposure 
in group C under Nembutal anaesthesia, the muscles were pulled together and 
the skin incision closed with wound clips. Retardation in growth was used as the 
outside criterion of thyroid deficiency. 

In this experiment, the retention of each S was repeatedly tested under both 
convulsed and non-convulsed conditions. The regular preliminary training period 
was extended over an additional 8 days during which S was trained on the suc- 
cessive reversal of a black-white discrimination problem. Half the Ss in each group 
were initially trained to the black card (positive), the remaining half to the white 
card; 10 trials were given daily with an inter-trial interval of 45 sec. Following 
training on the first 2 days, the positive-negative relation was switched; S was now 
required to approach the card that was previously negative (first reversal). Further 
reversals took place on the fifth and seventh days, after which preliminary training 
ended. 

Test training consisted of 4 phases, each phase involving 8 training days and 
1 rest day. Table II summarizes the training schedule. Half the Ss ia each group 
had the sequence of positive-negative stimuli shown in Table II, the remaining 
half had the sequence reversed. The convulsive and non-convulsive conditions were 
given in an ABBA order for half the Ss, and in reversed order for the remainder. 
The black-white sequence and the convulsive sequence were counterbalanced 
within each group. Convulsions were administered 30 sec. after trial 20 and 30 sec. 
after trial 30. Thus, each S was convulsed once under white-positive and once 
under black-positive conditions. Similarly, scores for the non-convulsed condition 
were obtained once on each of the black- and white-positive situations. 


Results 


In this experiment, trials 1 through 20 were considered training trials, 
and trials 21 through 40 were considered retention trials. Since perfor- 
mance on black-positive did not differ significantly from that on white- 
positive for either the convulsed or the non-convuised conditions, the 
data were combined. In the training trials no apparent differences in 
performance occurred between groups E and C. An analysis of variance 
of the error scores on trials 1-20 gave an F of 1.21 which is far from 
statistical significance. However, both groups showed poorer retention 
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TABLE II 


TRAINING SCHEDULE ON BLACK-WHITE REVERSAL (EXPERIMENT III) 


Positive Number of 
Phase stimulus* Day trials Condition* 


9 rest 
10 20 ECS 


11 10 ECS 
12 10 N 


13 

i4 20 
White 

15 10 

16 10 


17 
18 20 


19 10 N 
20 10 N 


21 

22 20 ECS 
White 

23 10 ECS 

24 10 N 


*Half of the rats had the black-white and ECS-N sequence reversed. 


under the convulsed condition as compared with the non-convulsed con- 
dition. Using the t-test for paired replicates, the differences in errors 
between the convulsed and non-convulsed conditions on the last 20 trials 
were significant at the .02 and .01 levels for the thyroids and controls, 
respectively. 

To determine if ECS caused any variation in retroactive inhibition 
between thyroids and controls, the following operations were performed. 
For each S, the difference was obtained between the pooled retention 
errors for the convulsed condition and those for the non-convulsed con- 
dition. The mean difference was 2.0 and 1.6 for the control and thyroid 
Es, respectively. The t-test for unpaired replicates yielded an obviously 
insignificant t. It appears, therefore, that differential metabolic activity 
of the brain does not account for the age effect.* 

2A subsequent experiment employing the same design as described in Experiment 
II also yielded negative results with respect to the effect of hypothyroidism on 
the memory decrement produced by ECS. 
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EXPERIMENT IV 


A third possible explanation for the age effect is that it is related to 
the relative maturation of the central nervous system. In rats, myeli- 
nation of the brain is almost complete at the age of 50 days (cf. 4). 
If the degree of myelination is related to the number of functionally 
operative neurons, young rats are in one respect neurally deficient in 
comparison to adults. This factor might then be responsible for the 
difference in memory loss found between young and adult rats. Some 
support for this hypothesis has come from a study by Pennington (14). 
Rats previously exposed to anoxia, a condition known to produce cell 
loss in the cortex, showed a greater retroactive effect after ECS than 
did normals. 

The present experiment produced brain damage by the surgical 
method. The specific lesions investigated were bilateral and involved 
the posterior cortex, the anterior cortex, or both. 


Procedure 

In this experiment 32 rats were employed, their ages ranging from 65 to 100 
days at the time of surgery. They were divided at random into 4 equal groups of 
8 Ss. Of these 3 groups underwent brain damage, the remaining group constituting 
the normal controls (group N). Brain lesions were accomplished under Nembutal 
anaesthesia. For one group (group P), the posterior cortex was damaged through 
holes drilled laterally and about 2 mm. anterior to the transverse sinus. For group 
A, the anterior cortex was damaged through holes drilled medially and about 
2 mm, anterior to the coronal suture. For group AP, the both anterior and posterior 
cortexes were damaged. 

After longitudinal incision over the cranium and reflection of fascia, small holes 
were drilled as described above. The dura was punctured and cortex removed by 
negative pressure through a glass cannula. The skin incision was then closed with 
wound clips. At the end of the experiment, the Ss were sacrificed by percardial 
infusion of formalin and the brains removed for inspection of damage. Figure 2 
gives representative brain maps of each group. 

The preliminary training procedure and the test problem were the same as in 
Experiment III, involving repeated testing on a black-white discrimination under 
both convulsed and non-convulsed conditions. 


Results 

As in Experiment III, no differential effect was obtained between the 
black-positive and the white-positive situations; the results were there- 
fore pooled. Table III gives the pooled error scores on the retention 
trials (trials 21 through 40) under the convulsed and non-convulsed 
conditions. Retention scores under the non-convulsed conditions were 
fairly comparable for all groups; statistically, no reliable differences 
were found. Application of the t-test indicates that all groups 
did significantly less well on retention following ECS than under 
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Ficure 2. Representative brain maps for the three 
experimental groups (Experiment IV). 


TABLE III 5 


MEAN POoOoLep Errors OF NORMAL AND BRAIN-DAMAGED Ss ON 20 RETENTION TRIALS © 
(EXPERIMENT IV) 





Post. (P) Ant.-Post.(AP) 


ECS 18.0 20.1 20.5 21.4 
No ECS 14.6 16.4 14.9 13.9 


Diff. 3.4 3.7 5.6 7.5 


Condition Normal (N) Ant. (A) 








1958] EFFECTS OF ECS ON MEMORY IN RATS 93 


the non-convulsed condition. Using the difference score for each 
S$ between the pooled retention errors for the convulsed condition and 
those for the non-convulsed condition, the resulting F was slightly 
short of the .05 level of significance. By comparing the brain-damaged 
Ss with the normals, however, it was found that the latter were signifi- 
cantly superior to the former at better than the .01 level. It is apparent 
that this significant effect is mainly due to the inferior performance of 
groups P and AP, both of which suffered damage to the visual areas. 
The difference between the combined scores of groups P and AP and 
those of groups A and N is highly significant (p = .001). 


Discussion 


It cannot be emphasized enough that innumerable physiological changes 
take place during growth and development. This makes it difficult to 
correlate any behavioural disparity occurring between young and adult 
animals with specific physiological developments. In the present case, the 
memory decrement produced by ECS in rats decreases with age to about 
50 days. This represents an age where, among other things, completion 
of brain myelination occurs and hence most or all of the cerebral neurons 
are presumably functional. It is certainly tempting to assume that these 
two events are more than coincidental, since: (1) brain-damaged rats 
show a greater memory loss following ECS than do normals; and (2) 
other possible variables, such as previous visual experience and cerebral 
metabolism, do not seem to affect the magnitude of the memory loss 
produced by ECS. 

One possible objection may be made to the hypothesis that the greater 
decrement observed in young rats is correlated with fewer functional 
neurons within the brain. It might be expected that young rats, having 
fewer functional cells, would be inferior to adults in the acquisition of 
various learning problems. In our experiments, however, no differences in 
learning efficiency appeared between young and adult rats, and research 
in this area suggests in general that learning ability in rats increases only 
to the age of about 30 days (13). That this does not correspond to the 
age of 50 days is, as we shall see, not contradictory to our hypothesis. It 
is to be noted parenthetically that no differences in learning efficiency 
existed between our brain-damaged rats and the normals. 

The problem of interpretation, therefore, is to explain why brain 
damage (or fewer functional cells) may not adversely affect the ability 
to learn a discrimination problem, but may exaggerate the memory loss 
produced by ECS. It has been demonstrated that the acquisition or 
retention of various learning tasks by rats is not impaired by slight 
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damage to the cortex (9). This may be interpreted by assuming that 
a certain population of cortical cells is modified through training (e.g, 
by growth at the axon terminals), but that only a proportion of the 
total neurons modified is necessary for maintenance of the habit. Brain 
damage extending into this required proportion produces a deficit in 
performance, and the greater the damage, the greater the deficit. 

This conception of a required fraction of neurons, when coupled with 
a consolidation hypothesis, may explain the subsequent retention loss 
produced by ECS. The memory deficit produced by the convulsion is 
assumed to result from the disruption of the newly acquired cortical 
modifications; the more extensive the disruption, the greater the deficit. 
These neural modifications, however, become consolidated (resistant to 
disruption) as a function of time; although the consolidation process § 
probably begins during the training period, it is not completed until | 
several minutes after training. It is further assumed that some neural 
modifications become consolidated sooner than others. Suppose, then, 
that an ECS is given immediately after training when, perhaps, only 
50 per cent of the required fraction of neurons have been consolidated. F 
Such an ECS would disrupt many modifications, encroaching deeply on 
the required proportion, and causing a severe amnesic effect. Slightly 
delaying convulsion would produce less severe effects, since more modi- 
fications (e.g., 70 per cent) would have become consolidated during the 
delay interval. Longer delay of the convulsion would have no effect; 
sufficient time has elapsed for the entire required fraction of neural 
modifications to become consolidated. 

On the above basis we can now explain why our brain-damaged rats § 
showed no learning impairment, but did show an exaggerated retention | 
loss following ECS. In the experimental rats, cortical damage was not 
extensive enough to infringe upen the fraction of neurons necessary for 
efficient performance; hence learning of the discrimination problem was 
not impaired. On the other hand, the greater memory deficit resulted 
from the fact that fewer neurons were modified during the original § 
learning, since fewer cells were available because of cortical damage. f 
If some neural connections are consolidated sooner than others, speed of | 
consolidation being normally distributed, a reduction in the total number | 
of neurons modified during training would have the effect of lengthening | 
the time for complete consolidation of the required proportion. This is 
illustrated in Figure 3. Thus, a larger deficit is shown by the brain- [ 
damaged rats because consolidation of the required fraction is less [ 
advanced at the time of the convulsion than it is in the normals. 

Our hypothesis still holds in spite of the fact that damage to the 
visual cortex produced an effect, while damage to the anterior cortex 
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Ficure 3. Hypothetical curves showing cumulative 
consolidated neurons as a function of time for normal 
and brain-damaged animals. 


did not. Either the neural correlates of visual discrimination learning 
occur in the visual area, or it is the main pathway to the site where these 
correlates are formed. In either case, damage to this area would decrease 
the number of neurons modified during the original learning. 


SUMMARY 


The memory decrement produced by ECS in rats was found to vary 
with chronological age. Rats 30 to 40 days old showed a greater deficit 
than those 50 to 60 days old. The deficit of the 60-day-old rats appeared 
to be of the same magnitude as that found in 200-day-old rats. Neither 
differences in previous visual experience nor cerebral metabolic rate 
appeared to account for this age effect. Since brain damage increased 
the memory loss, and since myelination of the brain in rats is complete 
at about 50 days, it is suggested that the greater deficit in young rats 
may be related to fewer functional neurons within the brain. This 
possibility is discussed in terms of the perseveration theory of memory. 
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DEFICITS IN AVOIDANCE LEARNING PRODUCED BY 
STIMULATION OF THE ASCENDING 
RETICULAR FORMATION?! 


STEPHEN E. GLICKMAN 
McGill University 


AN ELECTROCONVULSIVE sHOCK (ECS) administered to an animal within 
a relatively short period after presentation of the unconditioned stimulus 
(US) in a learning situation results in a considerable deficit in retention 
of the learned response (4, 5, 14). These results have been interpreted 
as providing evidence for the existence of a neurological “consolidation” 
process which must be allowed to persist for a limited length of time if 
learning is to be demonstrable. 

If this consolidation is assumed to be dependent on neural activity 
continuing after presentation of the US, then the generalized seizure 
resulting from an ECS may be considered to interfere with such activity 
and thereby prevent consolidation. The present study was undertaken 
to determine whether a similar disruption of the neural activity requisite 
for consolidation could be achieved by direct electrical stimulation of 
the brain. The area selected for stimulation was the midbrain portion of 
the ascending reticular formation, since stimulation in this location has 
previously been shown to have widespread effects on the patterns of 
neural firing in the thalamus and cortex (13). 


METHOD 


The procedure followed in this experiment was an adaptation of a method em- 
ployed by Hudson to produce one-trial avoidance learning in rats (8). 

The subects were 28 male hooded rats from the Royal Victoria Hospital colony. 
Of these 14 were operated on and comprised the experimental group; the remain- 
ing 14 served as controls. 

The apparatus consisted of a 12” x 12” x 10” hardware cloth cage con- 
structed on a wooden base (Figure 1). Half of the floor of the cage was taken up 
by a galvanized metal platform raised an inch above the remaining floor area. 
The cage was so constructed that a 3-inch square of plywood, striated with alter- 
nating black and white stripes, could be fastened to tne wall of the cage directly 
over the midpoint of the platform. A small metal food holder protruded from it 
1% inches into the cage. This food holder was wired into the positive side of a 
circuit which permitted a 250-volt discharge from a 2-microfarad condenser to be 
delivered between the food holder and the metal platform. 


1This research was supported by a grant to Dr. D. O. Hebb from the Ford 
Foundation. The writer would like to thank Dr. Helen Mahut who assisted with 
the histological verification of electrode locations. 
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FicurE 1. One-trial learning cage with pattern and 
food spout in place. 


Each S was placed in an individual cage of the type described above with free 
access to food for twenty-four hours. At the end of this period the food and food 
holder were removeg. Twelve hours later the pattern and the empty food holder 
were introduced into the cage. Eleven hours after this the food holder was baited 
with wet mash, and the now 23-hour deprived S was allowed to eat for one to 
two minutes. He was then given one shock while eating at the holder. The control 
Ss remained in the cage for four minutes after the shock, at the end of which time 
they were temporarily taken from the cage, the pattern and food holder removed, 
and the Ss then replaced in the cage with access to food for 1% hours. The same 
procedure was followed for the experimental Ss except that within one or two 
seconds after delivery of the shock the animal received the first of three 20-second 
periods of stimulation through the implanted electrodes. Twenty seconds elapsed 
betw: en stimulation periods. 

The tests for avoidance behaviour were conducted the following day with the 
Ss again food-deprived for 23 hours. Once more the pattern and baited food 
holder were introduced into the cage and the behaviour of S observed during 2 
extinction sessions of 5 minutes each, with 10 minutes elapsing between them. 
These 5-minute sessions were arbitrarily divided into 30 periods of 10 seconds each, 
and records were kept of the number of such 10-second periods which S spent in 
eating. The criterion used was that 5 consecutive seconds out of the 10 must be 
occupied with eating. A Kodak timer was set up in front of the cage so that the 
second hand of the timer and the animal could be observed simultaneously. The 
measure of extinction was again the number of 10-second periods spent in eating. 

Approximately one week after the testing procedure in the one-trial learning 
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cage, the effects of electrical stimulation on the cortical and subcortical EEG 
were observed in three of the experimental animals. 


Operative Procedure, Stimulation and Histology 

Bipolar nichrome wire electrodes, separated approximately % mm. at the tip, 
were implanted as described by Olds and Milner (11). Stimulation was delivered 
to the animal by means of a flexible lead suspended through the roof of the cage 
in such a manner as to allow S freedom of movement. 

The stimulation voltages were determined individually for each rat prior to the 
learning trial, being so adjusted as to be just below the behavioural threshold. 
The typical responses elicited by brain-stem stimulation were freezing, circling, 
backing and rearing. 

The current source was a 12-volt, 60-cycle A.C. transformer, and the voltage 
delivered could be varied by means of a potentiometer. The median stimulating 
voltage was 1.25. 

At the conclusion of the experiment, the experimental Ss were perfused with 
10 per cent formalin and frozen sections were cut at 40 micra thickness. The 
resulting sections were stained with cresyl violet and the locations of the electrodes 
were noted. Of the 14 electrodes, 12 were found to be located in various portions 
of the midbrain tegmentum, the remaining 2 at the periphery of the central 
gray matter. , 


RESULTS 


The data presented in Table I indicate that the stimulated Ss en- 
gaged in significantly more eating behaviour during both extinction 
sessions than the non-stimulated controls. 

Figure 2 shows the effects on the EEG of a single 20-second burst 
of stimulation to a resting animal. In all three animals so tested, 
electrical stimulation, at the voltage used in the one-trial learning 
cage, initially led to both EEG and behavioural arousal. There did 
appear to be a tendency for the arousal response to “habituate” with 
repeated presentations; however, in two of the rats this did not occur 
until the stimulation had been reduced by 0.5 volts. 


TABLE I 


MEAN NUMBER OF 10-SECOND PERIODS SPENT IN EATING BY STIMULATED 
AND NON-STIMULATED Ss DURING 2 EXTINCTION SESSIONS 
(Numbers in parentheses are SDs.) 











Stimulated Non-stimulated 

(N = 14) (N = 14) t 
Session 1 25.8 (4.7) 16.7 (11.8) I? 
Session 2 28.8 (2.3) 22.4 (8.3) 3.7 





*P < .02 (two-tailed test, with correction for heterogeneity of variance). 
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Ficure 2. EEG records obtained (A) immediately 
before the onset of a single 20-second burst of stimu- 
lation at 1.5 volts, and (B) commencing within 2 
seconds after the cessation of stimulation. 


Discussion 


The results of this study indicate that it is possible to produce a 
decrement in the strength of an avoidance response by stimulation of 
the reticular formation after presentation of the US -in the original 
learning situations In a related study, Mahut (9) has found that the 
learning of a Hebb-Williams maze can be seriously impaired by stimu- 
lation of the non-specific thalamic nuclei after each run. Mahut’s results 
and the findings of the present study show that it is possible to obtain 
results similar to those previously obtained with ECS by use of a some- 
what more subtle technique. 

A probable interpretation of these results is that stimulation of the 
reticular formation interferes with the neural activity necessary for con- 
solidation of the learned response. Stimulation was found to have an 
“activating” effect on the EEG in the three animals tested. It is clear, 
however, that a certain amount of EEG activation would normally occur 
in any learning situation, and this would not be serious enough to account 
for the observed decrement. In the present study, therefore, the direct 
electrical stimulation must have produced either an abnormally intense 
activation or a peculiar spatial distribution of neural firing. 

Although the mechanism underlying consolidation is as yet unknown, 
Hebb (7) and Gerard (5) have proposed that reverberatory networks 


may maintain newly learned information while more permanent con- 
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nections are being set up. Assuming that a reverberatory process accounts 
for consolidation, then excessive stimulation might be expected to break 
up the reverberatory patterns. Thus, working with isolated areas of 
cortex, Burns (3) has been able to initiate reverberatory “burst” activity 
lasting for 30 minutes or longer. The delivery of new stimulation during 
this time, however, had the effect of blocking the ongoing activity. 
Although there are wide differences between the types of neural activity 
found in the preparations used by Burns and those found in an intact 
“behaving” organism, an analogous interfering effect of new stimulation 
might also be expected to occur in the latter case. 

The finding that interference with normal reticular formation function 
can impair new learning may provide a partial explanation of certain 
effects observed to follow bilateral destruction of various structures 
in the temporal lobe. Bilateral hippocampal lesions in human patients 
have been reported to cause a permanent decrement in the ability to 
learn (10, 12). Similarly, bilateral destruction of the amygdaloid nuclei 
prevents acquisition of an avoidance response in cats (2). In both cases 
material acquired preoperatively was retained without impairment. In 
view of recent physiological and anatomical data showing extensive 
connections between these temporal lobe structures and the midbrain 
reticular formation (1, 6), it seems reasonable to suppose that extensive 
damage to the former areas might interfere with learning by upsetting 
the normal patterns of reticular firing requisite to consolidation. 

There is an additional interpretation of the results obtained in the 
present study which does not depend on interference with consolidation. 
In his monograph (8) Hudson noted that learning of the avoidance 
response to the pattern continued into the post-shock period, when the 
animal was presumably attending to the pattern and food spout and 
“mulling over” the alarming event which had just occurred. It is possible 
that the reticular stimulation during this post-shock period disturbed the 
process of attending, and thereby led to a deficit in the avoidance 
response. This interpretation is not necessarily opposed to the explanation 
in terms of consolidation, since both effects may have interacted to 
produce the observed results. 


SUMMARY 


Stimulation of the ascending reticular formation after presentation 
of the US in an avoidance conditioning situation was found to result in 
decreased resistance to extinction in the stimulated Ss as compared with 
a group of non-stimulated controls. These findings are interpreted as 
probably resulting from a disruption of the neural firing requisite for 
adequate consolidation of the learned response. Possible implications 
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of the findings for recent reports of impairment of learning following 
temporal lobe damage are suggested. 


10. 


11. 


12. 


13. 


14, 
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THE EFFECTS OF HANDLING BEFORE AND AFTER WEANING 
ON THE RESISTANCE OF ALBINO RATS TO 
LATER DEPRIVATION! 


SEYMOUR LEVINE 
Columbus Psychiatric Institute and Hospital 


AND 
LEON S. OTIS 
Johns Hopkins University 


SEVERAL RECENT REPORTS have suggested that rats which have received 
some form of handling prior to or just after weaning appear to be less 
emotional (4, 5, 14), learn faster (1, 5) and show greater resistance to 
stress (2, 3, 7, 14) than non-handled controls.” 

In 1953 Weininger (13) reported that early handled rats were also 
more resistant to the effects of total food and water deprivation. There 
was a total of 10 animals in Weininger’s experiment, of which 4 were 
gentled (ie., held and stroked) for 10 minutes daily from age 21 to 
31 days, 2 were picked up briefly once a day during this period, and 4 
were ignored (i.e., not handled). Weininger reported that the gentled 
and picked up animals survived, first 60 hours, and later 120 hours of 
total food and water deprivation, whereas the non-handled animals all 
died during or shortly after the deprivation periods. The first deprivation 
period began at age 42 days, and the second when subjects were 51 days 
old. Weininger also reported that the gentled group was significantly 
heavier than the picked up and the non-handled groups, which did not 
differ from each other in body weight. 

The present experiment, in part, tests the reliability of these findings 
with more adequate numbers. It differs from Weininger’s study in that 


1This investigation was supported in part by a research grant, PHS M-1051, and 
in part by grant PHS M-694 from the National Institute of Mental Health, National 
Institutes of Health, U.S. Public Health Service. The study was conducted while 
Seymour Levine was at the Institute for Psychosomatic and Psychiatric Research 
and Training, Michael Reese Hospital, and Leon S. Otis was at the Illinois Neuro- 
psychiatric Institute, University of Illinois, College of Medicine. 

Scott (11) has failed to confirm some of these findings. His results, however, are 
difficult to interpret. Scott handled his “non-handled” group once every six days for 
purposes of weighing, and this may have prejudiced his results in the direction of 
finding no differences. Even the minimal handling involved in weighing rats a few 
times during infancy can have pronounced effects on adult behaviour, as shown by 
Hunt and Otis (4). 
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our handled subjects were picked up or gentled for 21 instead of 10 days. 
As we were interested in the effects of pre-weaning as well as of post- 
weaning handling on resistance to severe later deprivation, we also 
included in our experiment one group that was gentled, and one that was 
picked up, before weaning. The present experiment therefore investigates 
the effects of handling before and after weaning on the resistance of the 
albino rat to severe deprivation in adulthood. 


METHOD 
Subjects 
The Ss were 50 male and female pups of Sprague-Dawley rats bred in the colony 
maintained by the Psychology Laboratory of Michael Reese Hospital. From these 5 
groups of 10 Ss each were formed. The sexes were equally represented in each 
group, and, within litters, Ss were assigned at random to the various experimental 
conditions shortly after birth. 


Procedure 


Two groups were handled prior to weaning, from day 1 through day 21. The early 
gentled Ss were held next to E’s body in the region of the shoulder and gently 
stroked with the thumb for five minutes daily. The Ss in the early picked-up group 
were simply removed from the nest, weighed, and then returned to the home cage. 

For the remaining three groups the treatment conditions duplicated those reported 
by Weininger except that the handled groups received more extensive handling. The 
late gentled Ss were held and stroked for 10 minutes daily starting at 21 days of age 
and continuing through age 42 days. The late picked-up Ss were simply weighed 
and returned to their home cages as described above. The non-handled group (NH) 
received no handling other than that required in transferring them to another cage 
at weaning. 

Subjects were marked at the time of weaning. All Ss were placed in individual 
cages after weaning at 21 days with an unrestricted supply of food and water. The 
pre-weaning and the non-handled groups were not handled after weaning until they 
were weighed just before the first deprivation period at 42 days of age. 

Following weighing at 42 days, all Ss were immediately placed on total food 
and water deprivation for 60 hours. The Ss were then weighed, and were weighed 
once a day thereafter until the introduction of the second and final deprivation 
period. During the 6% day interval between the first and second deprivation periods, 
Ss were permitted an unrestricted supply of food and water. 

At age 51 days all groups were subjected to 120 hours of total food and water 
deprivation. The Ss were checked at regular intervals for mortalities. 


RESULTS 


Preliminary analysis of the data failed to reveal any significant differ- 
ences in weight gains, weight losses, or number of mortalities between 
the gentled and picked-up Ss of either the early or late handled groups. 
Since amount of handling was thus shown to be without effect, the two 
pre-weaning groups were combined to form the early handled group 
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(EH), and the two post-weaning groups were combined to form the 
late handled group (LH), thus reducing the number of groups from 
five to three. 
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Weights 

The mean body weights of the three groups before and after the first 
deprivation period are summarized in Table I. Analysis of the weight 
data reveals that EH Ss weighed significantly more at weaning than 


TABLE I 


MEAN WEIGHTS OF THE EARLY HANDLED, LATE 
HANDLED AND Not HANDLED GROUPS 


Age EH LH NH 


(days) (grams) 
21 52.59 44.36 45.38 
42 162.32 151.68 149.29 
45 115.62 105.65 106.21 


51 168.51 156.90 158.95 


LH or NH Ss, The differences were significant beyond the .01 level of 
confidence (EH vs. LH, U = 81, P .001; EH vs. NH, U = 46, P .01). 
The Ss handled after weaning (LH) were equivalent in weight to the 
NH Ss on day 21. 

There were significant differences between the absolute weights of 
the EH and NH groups throughout the experiment (day 42, U = 56, 
P .04; day 45, U = 57, P .04; day 51, U = 52, P 02). The EH groups 
and LH groups also differed in weight (day 42, U = 151, P .10; day 45, 
U = 185, P .05; day 51, U = 127, P .025). No significant differences 
were found between the weights of the LH and NH groups at any time. 

There was no consistent trend of differences between the groups in 
weight gains or losses following weaning. Analysis of the data (sum- 
marized in Table II) revealed no significant group differences. 


Mortality 

Table III presents the data on mortality after 120 hours of total food 
and water deprivation. The LH groups failed to differ in incidence of 
mortality from the NH group. This finding is at variance with the results 
obtained by Weininger. However, significantly fewer deaths occurred 
among the EH groups than among either the LH (,? = 7.082, P .01) or 
the NH group (P .025).* 


8Owing to the small Ns the Fisher-Yates exact test was used. 
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TABLE II 


MEAN WEIGHT CHANGES OF GROUPS 








hen EH LH NH 
(days) (grams) 
21-42 109.73 107 .35 103.91 


42-45* —46.73 — 46.06 —43 .20 
45-51 52.89 51.25 52.71 


n 
ws 


*Interval during which groups were deprived of food 
and water for 60 hours. 


TABLE III 


MortTALIty By GROUPS AFTER 120 Hours or Foop 
AND WATER DEPRIVATION 


asroaoqouUlcrnlkWwlmlUcaBmlUCU tlUmDtlCOce US 


Group Living Dead Percentage 


EH 17 3 15 
LH 9 11 55 
NH 5 5 50 


Discussion 





The present experiment fails to confirm Weininger’s findings that post- 
weaning handling results in great: r resistance to severe deprivation in 
adulthood. As many late handled as non-handled animals died during 
the second deprivation period. Differences between the body weights 
and weight gains or losses of the LH and NH groups also failed to 
materialize, again in contrast to Weininger’s findings. 

It is difficult to reconcile the results of the two studies. One possibility 
is that Weininger’s results, based as they were on such small numbers, 
were due to chance factors. Another possibility is that strain differences 
might account for the discrepancy between the findings. However, since 
the effects of early experience on adult behaviour have been shown in 
dogs (10), mice, (6) and other strains of rats including pigmented 
rats (8), it seems unlikely that strain differences alone could be re- 
sponsible for the differences. 

Handling in the pre-weaning period, however, had pronounced effects, 
even though the early handled Ss received less than half the amount of 
handling received by the late nandled groups. The EH Ss weighed more . 
than the LH and NH groups, and significantly fewer of them died as 
a consequence of deprivation (percentages: EH 15, LH 55, NH 50) 

Since the EH group weighed significantly more than the other two 
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groups before deprivation, the differences in mortality might be ac- 


| counted for solely in terms of body weight. However, if body weight 
> was the major factor in determining which animals died and which 


survived, then Ss which survived should have weighed significantly 


| more on day 42 than those that died. Analysis reveals that this was not 


the case. About as many Ss above as below the median weight for each 


| sex died, and about as many survived. The same holds true if the 
' median weight is based on all the Ss, regardless of sex. Further, the 


number of Ss that died in each treatment group (EH, LH and NH) was 


; distributed about equally above and below the median weight for the 


group. Thus, weights of the Ss on day 42 do not appear to be related 
to survival. 
The present results strongly suggest that handling during the pre- 


weaning period results in greater resistance to deprivation in adulthood 
_ than handling after weaning or no handling. Further, ability to survive 


and changes in body weight were independent of the amount of 
handling, since there were no differences between the picked-up and 


_ the gentled Ss in either the early or late handled groups. McClelland (9) 
' has suggested that the amount of tactile stimulation the infant pup 
| receives may determine the degree to which the handling experience 
, alters behavioural or physiological mechanisms. Since gentled and 


picked-up Ss received markedly different amounts of tactile stimulation, 
the fact that these groups did not differ argues against his view. Our 


| findings suggest that the age when handling occurs is a more crucial 


variable. On this point the results support the “critical period” hypothesis 
put forth by Scott and Marston (12), which emphasizes the importance 


| of the age variable in assessing the effects of early experience. 


SUMMARY 


Fifty rats were gentled, picked up, or ignored during infancy in order 


_ to determine the effects of handling on resistance to deprivation in 


adulthood. The two experimental groups consisted of Ss who were 
“gentled” or picked up prior to weaning and Ss who received similar 


, treatment after weaning. A control group received no handling either 
| before or after weaning. At 42 and at 51 days of age all Ss were 


deprived of food and water for 60 and 120 hours, respectively. 

Subjects handled before weaning were significantly heavier, and showed 
significantly less mortality after deprivation, than those handled after 
weaning or not handled at all. There were no differences between the 
late handled and the non-handled groups. 

Amount of handling did not prove to be significant variable. The age 
at which handling was initiated appeared to be crucial. 
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DEVELOPING PATTERN-ANALYTIC METHODS TO ISOLATE 
FRUITFUL PSYCHOLOGICAL CONCEPTS! 


LOUIS L. McQUITTY 
Michigan State University 


Proressor E. A. Bort’s teachings and writings on scientific method are 
full of penetrating insights. I shall use some of these as background for my 
main argument: that research methods should play a larger role in relation 
to theorizing and the development of fundamental psychological concepts. 
We need to develop and apply methods especially appropriate to the 
isolation of basic scientific concepts; one of these is pattern analysis, which 
I shall later describe and recommend for fundamental research. 


Bott on Ways of Inquiry 

According to Bott (1), all psychological theorizing is based on the 
same fundamental postulate, that of the split-field approach. However, 
psychological theorizing does not in fact proceed in the way in which 
it is generally thought to. The split-field approach is usually thought to 
start with observed facts, develop theories of the inter-relations between 
these facts, and then test these theories experimentally. The empirical 
testing usually leads to the revision and refinement of the theories, and 
scientific knowledge, it is thought, is thus increased. 

However, this characterization of the split-field approach is based on 
a fundamental oversight; it fails to recognize that the so-called “facts” 
themselves depend on a theory. The very existence of a concept depends 
on the simultaneous existence of at least one other concept, which is 
contrasted with the first concept, and thereby gives the latter its most 
fundamental meaning as something different from what is left. The con- 
cept of stimulus, for example, cannot itself exist without a concept of 
response, or some other concept which is in some way different from 
stimulus. Concepts cannot exist as singles; there must be at least two of 
them in order to have one. They are generated as paired “differents”; a 
concept is generated by perceiving it as different from another concept 
which designates at least something of what remains. The observer is 
thus set to discover differents, and it is this set, based on a “theory” of 
differents, which yields the so-called “facts” of observation. If the observer 


1Read as one of a series of four papers in honour of Professor Edward Alexander 
Bott at the Sixteenth Annual Meeting of the Canadian Psychological Association, 
Toronto, June 6, 1957. 
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did not believe in differents he might see nothing. The facts require the 
theory of differents; they are not, therefore, the independent “givens” out 
of which theory is developed, tested, revised and improved. Instead, they 
depend on a particular theory; they are themselves manifestations of a 
theory of differents, a confession of belief in the split-field approach (1). 


A More Fundamental Role for Method in the Development of Theory 


Professor Bott has illustrated the split-field postulate in several systems 
of psychology and has shown that it operates in all of them; that is, the 


differents in terms of which we tell the story of behaviour depend always | 
on the split-field postulate. Using this approach psychologists develop | 


their key concepts prior to their investigations; the concepts are products 
of their thought processes—they are subjective. After the development of 
a theory, research methods are applied to show that behaviour can be 
interpreted in a fashion consistent with the theory. The approach, how- 
ever, is defective since it does not preclude the possibility that another 
theory might explain behaviour as well as, or better than, the theory 
-under study. In other words, research that follows theory can yield 
necessary but not sufficient conditions for the substantiation of the 
theory. We need somehow to reverse the process, to give empirical 
methods a role in the isolation of fundamental concepts and thus in 
theory construction. 

The split-field postulate, however, seems to be universally applied, 
and may well be a necessary condition of scientific research. Assuming 
this to be the case, an alternative postulate is beyond realization; the 
only recourse is to employ empirical methods in close association with 
the split-field postulate in isolating fundamental concepts. This would 
give greater objectivity to the process of theory building. 

The pattern analytic methods here suggested as helpful in developing 
fundamental concepts have a number of unique characteristics: (a) they 
are relatively independent of psychological systems; (b) they are rela- 
tively free of restrictive assumptions; and (c) they have proved useful in 
isolating concepts which may be fruitful in the understanding of be- 
haviour (5, 8, 9, 11). 


Criticisms of Standard Methods 

Several approaches already exist in which research methods are used 
to generate psychological concepts, the most widely employed being 
factor analysis (12). However, factor analysis has two limitations for 
our present purpose, First, it contains within itself no sufficient criterion 
for revealing that it does not fit a set of data and should therefore be 
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rejected as a method for analysing the data. Any data whatever may be 


analysed into factor and chance variance, but the method may assign to 
chance certain behaviour of the data which other methods would show 
to be lawful. Methods with assumptions other than those of factor 
analysis are needed, methods which can be applied jointly with factor 
analysis to determine which approach best fits the data. 

This first limitation of factor analysis is not entirely independent of 
the second; the latter, however, applies not to factor analysis alone but 
also to the major programme of psychological assessment which patterns 
itself after measurement in the physical sciences (2). The second 
criticism may be summed up in a brief, though perhaps surprising, 
statement: linear measurement in psychology implies types, but limits 
itself to one kind of prototype. 

Every scale of psychological measurement implies a prototype. The 
prototype implied by a particular scale is revealed in the pattern of 
perfect, ideal, or modal answers. A perfect representative of the proto- 
type is a subject who obtains a perfect score; scores less than perfect 
serve as an index of the extent to which the patterns of answers repre- 
sent the prototype. Such scores fail to recognize that any pattern of 
answers may represent a meaningful configuration—may in fact indicate 
a type. 
Psychological measurement has not disproved types, as is generally 
believed; it has merely denied types the full opportunity to reveal them- 
selves. Since types have not revealed themselves clearly under these 
restrictions, many investigators conclude that types have been disproven. 

Types are here said to exist if patterns of responses can be shown to 
have unique predictive value. The meaning of this is as follows. Most 
methods of measurement assign an index to every response. Whenever 
response i is given to item j it means one unit of x on scale y; it means 
this no matter who gives the response, and in conjunction with what 
other responses for other items of the test. One's score is obtained by 
summing his units of x. Consistent with this method of scoring, psy- 
chological measurement uses some technique of item analysis to obtain 
a scale value for each response, separately and independently of every 
other response. 

However, if it can be shown that responses have different measure- 
ment indications depending on the patterns of responses in which they 
occur, then these patterns have unique predictive values; they reveal 
the meanings that must be given to the responses that compose them, 
and the same responses in different patterns will have different meanings. 

Meehl (3) has shown that it is possible theoretically for patterns of 
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responses to have unique predictive value. More specifically, where two 
test items each have zero correlation with a criterion, Meehl has shown 
that it is still theoretically possible for them to have a perfect correlation 
with the criterion when treated as patterns of two responses in relation 
to it. In other words, even when treated as patterns of only two com- 
ponents, such items can reveal relationships not shown when they are 


analysed separately. 


Some Typological Methods 


In searching for significant psychological concepts, one approach is to 
search for patterns of responses with unique predictive values. For this 
we need a method of analysis which is more permissive than factor 
analysis in its classification of data, and at least three such methods 
have been developed (6, 7, 10). However, from the point of view of the 
present paper, the method should accomplish two additional tasks: 
(a) it should determine the number of response patterns represented in 
the answers of a sample of subjects to the items of a test; (b) it should 
assign the subjects to the types indicated by their response patterns. For 
these purposes at least four methods have been developed (5, 8, 9, 11), 
two of which will be reviewed: agreement analysis (8) and linkage 
analysis (9). 

These methods of analysis derive logically from statistical definitions 
of types. In agreement analysis a type is defined as a category of subjects 
of such a nature that everyone in a category is more like everyone else 
in the category than he is like anyone in any other category. In the 
analysis, every person is represented by his pattern of responses to the 
items of a test; hence, in a more exacting sense, a type is defined as a 
category of response patterns of such a nature that every pattern in the 
category is more like every other pattern in that category than it is like 
any pattern in any other category. When every pattern has been classified 
into a category, the first level of classification has been realized, and the 
resultant categories are called species to imply that they are to be followed 
by higher levels of classification, successively called genera, families, and 
so on, until only two categories are obtained at the top level. 

As already indicated, the patterns of any one species are closely similar, 
differing on only a few items. The items on which the patterns of any 
species differ are dropped from the characteristics of that species, and 
the items on which the patterns of a species agree are used to describe 
the species pattern. A species pattern is thus the responses by the members 
of the species to the items on which they all agree. The species patterns 
are used in turn to classify the species into genera, so that every species 
of a genus is more like every other species of that genus than it is like 
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species of any other genus. In an analogous fashion higher order classi- 
fications of families, orders, etc., are realized. 

In this hierarchical system of classification (where everyone is classi- 
fied first into a species, then into a genus, family, etc.) a pertinent 
question is: what level of classification is most valid, in terms of 
relationships to an external criterion? In preliminary studies of this 
question we find that the lower levels of classification are more valid than 
the higher ones (4, 11). At the lower levels of classification many types 
are isolated, each containing relatively few subjects who agree on re- 
latively many characteristics, These types appear to be more valid than 
the higher ones where there are fewer types, each containing many 
subjects who agree on relatively few characteristics. 

Results so far indicate that there are many relatively unique types of 
individuals, rather than only a few prototypes. This conclusion needs to 
be investigated more adequately. In order to do so, we needed a method 
of analysis which could classify large sets of data into adequately defined 
types. Agreement analysis would serve if it could be adapted to an 
electronic computer, but many months of work failed to adapt it to Illiac 
(the University of Illinois electronic computer ). 

In seeking a sustitute method which could be adapted to an electronic 
computer, linkage analysis was developed, and with a surprising outcome. 
At the very point where we had difficulty in adapting agreement analysis 
to a computer, linkage analysis yielded a solution which did not require 
an electronic brain. The work can be performed with pencil and paper; 
only five minutes are required to analyse a 15 X 15 matrix into types, and 
the method is applicable to a matrix 200 x 200 or even larger. A com- 
puter is, of course, required to obtain the entries for the matrix, and it 
is also helpful, though not essential, in analysing a large matrix. 

These unusual features of linkage analysis are attributable to the 
particular definition of “type” with which it starts; the method derives 
logically from this definition. A type is here defined as a category of 
subjects of such a nature that every one in the category is more like 
someone else in the category than he is like anyone in any other category. 
This slightly simpler definition of types resulted in much simpler statistical 
operations. 

Various versions of linkage analysis have other unusual features. One 
of these lies in the fact that by further simple operations a linkage 
analysis can be converted into a factor analytic solution and—most 
surprisingly—a rotated factor analytic solution which often approaches 
simple structure without the laborious steps usually required. A com- 
parison of the method with factor analysis makes more obvious the 
relationships between factor and pattern-analytic approaches (9). 
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SUMMARY 


Agreement and linkage analyses are discussed as methods which should 


prove helpful in isolating fruitful concepts for studying and understand- 
ing human behaviour. They are relatively independent of theoretical 
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other methods of analysis. 
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AN ELEMENTARY LINKAGE ANALYSIS OF 
PERCEPTUAL RIGIDITY 


B. R. PHILIP 
Assumption University of Windsor} 


THE RELATIONSHIP between perception and personality factors has been 
studied extensively in recent years. One of the personality correlates 
studied has been “rigidity’—a term never precisely defined and now 
thought to refer to several component traits. Ferguson (2, 3), who reviews 
the work in this area, found one factor which he labels cognitive rigidity 
and calls attention to the possibility of other types of rigidity, referring 
specifically to perceptual rigidity. 

On the assumption that perceptual rigidity might be measured by 
inability to see reversion in reversible figures, Philip (5) attempted to 
correlate the number of reversals seen in Lissajou figures by psychotics 
with their scores on certain Rorschach indices. These indices were the 
ones used by Cowen and Thompson (1) who found that they correlated 
with Luchins’ Einstellung problems, often taken as a measure of cognitive 
rigidity. No significant correlations were found by Philip, who concluded 
that the type of rigidity in which few reversals occur is at least not of 
the type revealed by the Rorschach indices. 

This negative finding may reflect the inadequacy, either of simple 
reversals to reveal rigidity, or of the personality measure (the Rorschach) 
to evaluate it, rather than absence of relationship between perception 
and rigidity in personality. The present investigation is a further attempt 
to investigate this possible relationship. Since reversals alone appeared 
inadequate, it was decided to include two other types of movement, 
Accordion and Rinsing (defined later), in the laboratory test of per- 
ception. Ratings, rather than a personality test, were used in evaluating 
personality. 


METHOD 
Procedure 


The Ss were 28 grade VII boys, all under one teacher. They had individually 
observed a 5-loop pattern of Lissajou figures on an oscilloscope for a minute at a 
time, followed by a half-minute rest. The experimental period consisted of 21 such 
trials, during which they were asked to report the type and frequency of movement 
seen. They most frequently saw rotation about a vertical axis, which often reversed 
direction. These movements were called Reversals. At times two other types of 
movement were seen: an Accordion type, in which the lines of the figure seemed to 
move in and out from the central vertical axis, and a Rinsing type, in which the 


1Acknowledgment is made to Dr. L. L. McQuitty for his suggestions. 
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top and bottom lines of the figure seemed to roll in towards the horizontal axis. The 
two latter types of movement were seen about 10 per cent of the time, and approxi- 
mately 11 movements of all types were reported per minute (6). 


Rating Scale 


The purpose was to obtain a rather broad but valid evaluation of personality 
rigidity and of related variables which might be associated with the rigidity- 
lability continuum in perception. Hence it was decided to obtain ratings on the Ss 
from a rater who knew them well—a teacher who had taught the class for most 
of the year and had some skill in judging his pupils. While the number of Ss in 
this study is fairly small, it was felt that any gain in reliability obtained by increasing 
the number of Ss would be more than offset by a concomitant loss of validity when 
additional Ss had to be rated by other raters. Fifteen traits, each defined by a single 
sentence, were selected from five broad groups of traits (a to e below) all of which 
have been related in the literature to perceptual rigidity. Ratings on these 15 traits 


and the 3 perceptual measures formed a correlational matrix with the following 
variables: 


Types of movement seen in Lissajou figures 
1. Accordion type. 
2. Reversals. 
3. Rinsing type. 
Rating Scale 
(a) Observational lability 
4. He is easily distracted when working or studying. 
5. He is quick to perceive physical changes in his environment. 
6. He notices details when observing, studying or working. 
(b) Imaginative empathy 
7. He is able to see things from other people’s viewpoints. 
8. He shows imagination in literature and composition. 
9. He is sensitive to the feelings of others. 
(c) Mental isolation 
10. He prefers to be by himself and to work by himself. 
11. He day-dreams a lot. 
12. He is introverted. 
(d) Judgmental obstinacy 
13. He has a one-track mind; he finds it hard to conceive other opinions. 
14. He is obstinate in his opinions. 
15. He wants people to defer to his point of view. 
(e) Perseveration 
16. He sticks to tasks he undertakes. 
17. He finds difficulty adjusting himself to new tasks and people. 
18. He prefers to do things the way he has always done them. 


Each sentence was typed at the top of a page which contained the names of the 
Ss. A combination of graphic rating and man-to-man rating was used. In order to 
diminish halo effects, no more than two traits were rated on »ny one day, and the 
order of presentation of the traits was randomized in the sense that ratings on the 
three descriptive sentences of the same category did not come together. Some two 
weeks after the ratings were completed, re-ratings on six traits were made. The 
average correlation between ratings and re-ratings was 0.91. 
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RESULTS 


Table I shows the intercorrelations of the 18 variables: the frequency 
with which each S reported the 3 types of movement, plus his ratings on 
the 15 traits (the latter so arranged that all rigidity scores were at the 
same end of the rigidity-lability scale). The variables are numbered as 
in the preceding section. Since there was some doubt that the require- 
ments for computing Pearson r were met, Spearman’s Rank Difference 
intercorrelations were obtained. 


TABLE I 


CORRELATION MATRIX FOR THE 18 VARIABLES (NUMBERED AS IN TEXT)* 


Variable 23 4 5 6 78 9 10 11121314 15 16 17 18 
1 16 48 52 28 49 —08 06 06 —06 40150917 16 69 23 00 
2 .. 25 31 2413 2037 24 10 —07 21 11 14 -—03 —-O1 26 17 
3 ..- 534034 1833 41 138 63371914 05 40 45 28 
4 ... 8 71 336530 26 74402914 O09 74 52 40 
5 . 8% 505937 20 69285306 05 70 S57 44 
6 45 6419 05 68355019 19 78 65 48 
7 3945 17 19189422 28 36 35 35 
8 22 20 61433149 47 59 SO 51 
9 43 22184301 28 21-03 04 
10 20 36 07 29 «448 —O01 —29 —35 
11 16 3032 37 77 51 38 
12 3113 36 39 45 49 
13 39 20 44 45 48 
14 74 30 20 17 
15 03 21 26 
16 70 =(44 
17 87 





*All decimal points omitted. 


Since this was an exploratory investigation based upon a small number 
of Ss and variables, a thorough factor analysis seemed unnecessary. 
Accordingly, an elementary linkage analysis devised by McQuitty (4) 
was used. This method classifies the tests into categories so that every 
test in any one category is more like some other test in that category (in 
terms of correlation) than it is like any test in any other category.” 


*Elementary linkage analysis, used here to reduce the amount of labour in a 
factor analytic study, may also be applied (from a different theoretical viewpoint) 
to indices of association between people, thus clustering them into types. It can 
then be used to determine the relevance of each person to a composite of the 
characteristics of the type into which he falls, 
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The linkage analysis revealed clusters as follows: 
Perceptual rigidity 2-8 45 = 6+ 16+ 11+ 3 
Al 
Judgmental obstinacy 14= 15+ 10 
Perseveration 17 = 18-12 
Lack of imaginative empathy 1I3= 7-— 9 


(Reciprocal pairs are indicated by a double arrow, meaning for example 
that variable 13 is not only most like 7, but 7 is also most like 13. Variable 
9 is non-reciprocal with respect to 7; 9 is most like 7 but 7 is most 
like 13. ) 

It may be seen that 9 of the 18 variables form a cluster that relates to 
perceptual rigidity. The three laboratory tests, based on the kinds of 
movement seen in Lissajou figures, belong to this prototype, as do six 
of the trait ratings. Three of these ratings obviously refer to some kind 
of perceptual lability; they are: (4) He is easily distracted when working 
or studying; (5) He is quick to perceive physical changes in his environ- 
ment; (6) He notices details when observing, studying or working. Also 
found in this cluster were the following traits: (8) He shows imagination 
in literature and composition; (11) He day-dreams a lot. These traits 
suggest a lability of imagination based upon a richness and variety in 
actual perception. A person who lacks imagery of this type, chiefly because 
his observations are restricted and inadequate, may be assumed to be 
rigid in his perceptions. 

Another technique of McQuitty’s linkage analysis was used to take the 
intercorrelations among the variables of the first cluster of tests from the 
complete matrix and assemble them into a reduced matrix; the first 
factor loadings by the centroid method and their residuals were then 
computed for this new matrix Table II). It may be seen that the six trait 


TABLE II 


RELEVANCIES AND RESIDUALS IN THE PROTOTYPE CLUSTER* 


Variable Relevancy Residual 
1 585 —02 
2 296 —02 
3 617 01 
4 907 00 
5 842 03 
6 849 01 
8 695 —02 
12 828 00 


16 846 —02 


*All decimal points omitted. 
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variables all have high loadings on this factor. Of the three laboratory 
tests Reversals have the least loading, implying that the Accordion and 
the Rinsing movements are much better laboratory tests of perceptual 
rigidity. The essential point, however, is that all the experimental tests 
and six of the ratings are found in the perceptual rigidity cluster, so 
that one may make some inference about personality rigidity from 
these laboratory measures. 

The remaining variables yield three clusters. They are tentatively 
labelled: Perseveration (variables 17, 18 and 12); judgmental obstinacy 
(variables 14, 15 and 10); and lack of imaginative empathy (variables 
18, 7 and 9). This labelling is tentative since the clustering probably 
reflects to a large degree the mental set of the rater, who no doubt was 
influenced by halo effects despite the precautions taken. Factor loadings 
or relevancies were not computed for these small clusters. 

Table I shows that most of the five highest intercorrelations of each 
member of the principal cluster were with some other members. Only 
5 out of 45 intercorrelations selected on this basis are not so derived, 
and these all entail a correlation with variable 17. In turn, the five 
highest intercorrelations with variable 17 (except that between variables 
17 and 18) all come from the variables of the principal cluster. The 
remaining members of the cluster (variables 18 and 12) have half their 
highest correlations so derived. 

There is thus some indication that the cluster formed by variables 
17-18 and 12 may not be a separate cluster, but may be linked, possibly 
through variable 16, to the main cluster (perceptual rigidity). The fact 
that these variables (16, 17 and 18) reflect a perseverative tendency 
suggests that perseveration is indicative of perceptual rigidity. The 
linkage of the other two clusters (imaginative empathy and judgmental 
obstinacy) with the principal cluster is considerably weaker than that 
of the perseveration cluster. 


SUMMARY 


To investigate the relationship between perceptual and personality 
rigidity, 8 laboratory measures (the frequency of Accordion, Reversal 
and Rinsing types of movement seen in Lissajou figures) and 15 ratings 
on personality traits were obtained for 28 boys. The correlation matrix of 
these 18 variables was subjected to McQitty’s elementary linkage an- 
alysis, and 4 clusters were revealed. 

The main cluster, which included the 3 laboratory tests and 6 of the 
personality traits, is here interpreted as measuring perceptual rigidity. 
Another cluster of 3 variables, tentatively labelled perseveration, is 
possibly linked to the main cluster. Accordion and Rinsing movements 
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yield higher factor loadings with the main cluster than do Reversals, 
and probably constitute a better laboratory measure of perceptual 
rigidity. 
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AUTHORITARIAN SUBMISSION ATTITUDES, INTOLERANCE 
OF AMBIGUITY, AND AGGRESSION! 


DOUGLAS T. KENNY anp ROSE GINSBERG? 
University of British Columbia 


THE PURPOSE of this investigation is to extend the analysis of certain 
postulated relationships contained in The Authoritarian Personality (1) 
and the writings of Frenkel-Brunswik (7). Results of our first study (8) 
failed to support the hypotheses of a generalized factor of intolerance of 
ambiguity and of a positive relationship between intolerance of am- 
biguity and authoritarian submissive tendencies. The present paper 
explores the validity of four additional hypotheses derived from the 
repressed hostility aspect of the authoritarian personality theory. These 
predict: (a) an inverse relationship between expression of aggression 
and authoritarian submission; (b) an inverse relationship between 
expression of aggression and intolerance of ambiguity; (c) a positive 
relationship between aggression expressed against non-conforming in- 
dividuals and authoritarian submission; and (d) a positive relationship 
between aggression expressed against non-conforming individuals and 
intolerance of ambiguity. The first hypothesis follows from the as- 
sumption that the authoritarian’s socialization involves the moralistic 
repression of aggressive drives. The rationale for the second hypothesis 
is that intolerant persons identify ambiguous situations with their love- 
hate ambivalences toward parental figures and that the hate-aggression 
aspect of the conflict has undergone repression. These two hypotheses 
involve the qualification that overt aggression against the outgroup or 
non-conforming individuals of the ingroup is excluded in testing them; 
hence the theoretical necessity for the last two hypotheses. 


METHOD 


Since the sample, the testing situation, and the construction of the intolerance 
of ambiguity tasks and the authoritarian submission scale are described more fully 
elsewhere (8), only a summary list is presented here. The aggression measures, 
however, will be described in greater detail. 

The Ss consisted of 76 volunteer female adults, their mean age and education 
being 23.84 and 13.43 years, respectively. The tests, administered individually 
to the Ss, were: 
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Authoritarian Measure 


1. Authoritarian Submission Attitude Scale. This factorial measure of authori- 
tarianism, consisting of 12 Likert type items, has 4 response categories: agree; 
undecided: probably agree; undecided: probably disagree; and disagree. 


Intolerance of Ambiguity Measures 


2. Walk’s Ambiguity Intolerance Scale. This attitude measure of intolerance 
consists of eight statements. They were randomly interspersed among the authori- 
tarian items. 

3. Undecided answers. This score, derived from answers to the two preceding 
attitude scales, was the number of undecided categories checked, a high score 
reflecting tolerance. 

4. Interpersonal “Kind of person” situation. On the assumption that a person 
who is intolerant will seek clarification of an ambiguous situation, two minutes 
were allowed for S to describe herself; the score was the number of questions 
asked during that period. 

5. Interpersonal block situation. Three minutes were allowed for S to figure 
out what she should do with a randomly assembled set of blocks; the score was the 
number of questions asked during the period. 

6. Total questions. The number of questions asked during the 90-minute experi- 
mental session (excluding those asked during the two preceding tasks) was the score. 

7. Trait Discrepancy Scale. This test measures S’s ability to tolerate and accept 
the coexistence of an undesirable personality trait and a socially desirable trait in 
the same individual. 

8. Passive Set for reversal fluctuations. Under instructions to “simply watch the 
figure,” S’s ability to tolerate reversals is measured during a 60-second period with 
each of 3 reversible figures. 

9. Active Set for reversal fluctuations. With a set to “change the figure as often 
as possible,” S’s tolerance for reversals is measured during a 60-second period with 
each of 3 reversible figures. 

10. Arrested Set for reversal fluctuations. Under the set to inhibit reversals, the 
score is the total number of reversals occurring in a 60-second period with each of 
8 reversible figures. 

11. Autokinetic mean discrepancy score. S’s promptness in establishing an anchor- 
ing point in the unstructured autokinetic situation is employed as a measure of 
intolerance of ambiguity. 

12. Autokinetic consistency score. This score, computed in terms of the consistency 
with which S saw the light move, is assumed to reflect the rigidity and consistency 
that an intolerant § manifests in an ambiguous situation. 

13. Autokinetic confidence estimate. This measure indicates how confident S is 
about the direction in which she thinks the light has moved. 


Aggression Measures 

14. Aggressive scrambled sentences. This test, adapted from Watson et al. (12), 
consists of 22 cards, each with 4 words typed on them, and calls for S to form a 
3-word sentence by dropping 1 word. With each set of words either an aggressive 
or a neutral 3-word sentence could be formed (e.g., “arm his break tape”). Score: 
number of aggressive sentences. 

15. Ranking aggressive reading material. In this test 11 sets, each composed of 4 
book titles, were presented to S who was asked to rank the books in each of the 
sets in terms of her reading preference. Each set was composed of two aggressive 
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and two neutral books, the title providing a general indication as to the nature of 
the book. Score: one point for each aggressive book ranked either first or second in 
preference. This test was adapted from Cattell (2). 

16. Severe-hostile judgments about non-conforming behaviour. In this test 10 
different kinds of social behaviour episodes are described and S rates on a 5-point 
rating scale the praiseworthiness of the person described as acting in a way which 
tends to depart from conforming behaviour. This test was adapted from Cattell 
and Horowitz (3). 

17. Austere judgments about friends. S is asked to list the first name or pseudonym 
of 5 friends and to apply to each name 3 appropriate personality traits, chosen from 
a list of 25 traits which had been scaled for social desirability by 67 judges. Score: 
the rank order scores in “social desirability” of all the traits assigned to her friends. 
This test was also adapted from Cattell and Horowitz (3). 

18. Aggressive word association technique. This consists of 33 words, comprising 
10 aggressive and 23 neutral words. Score: mean reaction time on aggressive words 
divided by mean reaction time on neutral words. 

19. Thematic aggression test. S is presented with 4 pictures one at a time for 15 
seconds each and describes each after its removal. The pictures are much simpler 
in structure than Murray’s TAT cards, 2 being distinctly aggressive and the other 
2 somewhat neutral. Score: number of “aggressive” words used in describing the 
4 pictures. Interscorer reliability for 2 judges was 89 per cent. 

20. Role-playing aggression test. S imagines that she is an aggressive person and 
gives reasons for being aggressive, for 2 minutes; then she imagines that she is a 
non-aggressive person and gives reasons for this kind of behaviour, for 2 minutes; 
finally, to correct for differences in word fluency, she names as many words as 
possible beginning with the letter “m,” for one minute. Ratio score: ee in which 
a is the number of reasons for aggressive behaviour, b is the number of reasons for 
non-aggressive behaviour, and c is the number of words given to the letter “m.” 


REsULTs 


To facilitate reading the correlation table the initial scoring of some 
variables was reversed so that a high score always signifies possession of 
the variable to a high degree. The intercorrelations necessary for evalu- 
ating the four hypotheses are presented in Table I. 

Hypothesis (a). The first hypothesis specifies an inverse relationship 
between the expression of aggression and authoritarian submission. The 
correlations in the first row of Table I, with the exception of the correla- 
tion between authoritarianism (1) and hostile judgments about non- 
conformers (16) provide the test for this hypothesis. As only two of the 
six correlations are statistically significant in the predicted direction, this 
hypothesis receives little support. 

Hypothesis (b). According to the second hypothesis, there should be 
an inverse relationship between expression of aggression and intolerance 
of ambiguity. A test of this prediction is provided by relating all the 
intolerance of ambiguity tasks (2 to 13) to the various measures of 
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TABLE I 


INTERCORRELATIONS OF AUTHORITARIAN (1) AND INTOLERANCE OF AMBIGUITY 
MEasuREs (2 TO 13) wITH AGGRESSION VARIABLES (14 TO 20) (VARIABLES NUMBERED 
AS UNDER METHOD) 


Variable 14 15 16 17 18 19 20 
1 —.28* —.32** .38** .05 14 —.15 — .07 
2 —.26* —-.11 .20°* .O1 .05 —.13 — .22* 
3 .00 —.01 — .06 .04 .09 —.12 — .02 
4 17 —.16 — .02 .07 .09 .03 All 
5 .07 — .35** .O1 — .02 .03 .02 All 
6 16 — .03 14 — .18 — .05 — .07 .09 
7 — .06 — .08 .07 —.10 — .22** .02 — .05 
8 .06 — .06 .03 —.17 .16 — .03 —.01 
9 .04 —.10 — .03 — .20 — .03 — .08 —.10 
10 — .05 —.12 —” 10 —.10 — .06 .00 
ll 01 .03 — .08 19 — .01 .19 .10 
12 .02 .O1 — .09 —.01 -09 01 mE 
13 .06 — .26* 13 .05 18 .02 15 


* > < .05, two-tailed test. 
** > < .01, two-tailed test. 


aggression, excepting hostile judgments about non-conformity (16). 
Inspection of Table I shows that only 5 of the 72 correlations that test 
this hypothesis are significant in the predicted direction. Thus the data 
do not sustain the second hypothesis. 

Hypothesis (c). The third hypothesis predicts a positive relationship 
between aggression expressed against non-conforming individuals and 
authoritarian submission. The single test of this hypothesis (the cor- 
relation between variables 1 and 16) confirms this prediction. 

Hypothesis (d). According to the fourth hypothesis, there should be a 
positive relationship between aggression expressed against non-con- 
formers (16) and intolerance of ambiguity. Of the 12 correlations that 
, test this hypothesis, only two are in the predicted direction. Thus, the 
' fourth hypothesis is not confirmed. 


Discussion 


Only one of the four hypotheses tested in this study was clearly con- 
firmed. Such findings cast serious doubt on the repression aspect of the 
authoritarian personality theory. Authoritarians do not seem to have 
stronger repressive tendencies than equalitarians. Related to this is the 
negative finding that intolerance of ambiguity is not correlated with the 
avoidance of aggression. 
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When the present findings are taken in conjunction with our previous 
finding (8) that authoritarianism is not related to intolerance of am- 
biguity, the need for a rigorous reformulation of the authoritarian person- 
ality theory is strongly indicated. Such a conclusion is also a reasonable 
inference from the research literature. While a detailed review of the 
literature is not in keeping with the purpose of this paper, it may be 
pointed out that other investigators (9, 11) have obtained negative or 
contradictory evidence on the postulated relationship between authori- 
tarianism and aggression. Our earlier finding (8) that intolerance of am- 
biguity is not correlated with authoritarianism is also in harmony with 
the work of several investigators (4, 5, 6, 10). Such negative findings 
suggest that other factors, unspecified in the authoritarian personality 
theory (1), are operative in the predicted relationships. In view of this 
possibility, no post hoc rationale for the present findings seems warranted. 


SUMMARY 


This study was designed to test four hypotheses derived from the 
authoritarian personality theory. In order to test these hypotheses, 
authoritarian submission, intolerance of ambiguity, and aggression 
measures were administered to 76 female subjects. The major findings 
are interpreted as not lending support to the authoritarian personality 
theory. It seems likely that various important concepts or variables have 
been ignored by the theory and that a reformulation of it is needed. 
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DEVELOPMENTAL NORMS ON FOUR 
PSYCHOPHYSIOLOGICAL MEASURES FOR USE IN THE 
EVALUATION OF PSYCHOTIC DISORDERS?! 


J. Z. CSANK? anv H. E. LEHMANN 
Verdun Protestant Hospital, Montreal 


THIs PAPER reports the results of a normative, baseline study prelimi- 
nary to an attempt to measure regression phenomena in mental illness 
through their possible psychophysiological correlates. It thus belongs in 
the no-man’s land where the interests of the psychologist and physiologist 
meet. 

The choice of this approach derives from the authors’ opinion that 
psychological tests now employed for the evaluation of psychotic dis- 
orders do not make adequate allowance for certain important characteris- 
tics of patients (individual affective sensitivity, limited span of attention, 
inability to concentrate, etc.) which may seriously reduce the validity and 
reliability of the tests. 

We conceive of the causation of human behaviour as a homeostatic 
relation or balance between the dynamic psychological factors and 
learning, on the one hand, and the fundamental neurophysiological 
factors on the other. The latter seem to form the groundwork for a series 
of primary perceptual and motor functions upon which higher integrative 
processes depend. 

Four simple psychophysiological functions were therefore selected for 
investigation: simple reaction time, speed of finger tapping, after-image 
disappearance brightness, and critical flicker-fusion frequency. Our 
measures of these functions were stripped to their essential features and so 
standardized as to allow the testing of five-year-old children, normal 
adults, old people, and psychotic patients under identical conditions (3). 
Thus, the tests require on the part of the subject a minimum of co- 
operation and judgment, a minimum of intellectual and verbal partici- 
pation, and a minimum of emotional involvement. Any one trial can be 
completed in approximately 10 seconds. Practice effects are easily con- 
trolled, and the final measurements result in single scores with a high 
degree of objectivity. Each test can be repeated as often as required 
without seriously reducing its reliability. 

1Based on a thesis submitted to l'Institut de Psychologie, Université de Montréal, 
in partial fulfilment of the requirements for the Degree of Master of Arts. The work 
was carried out at the Verdun Protestant Hospital and supported by hospital research 
funds and Dominion-Provincial grant 6045-415." 

*Now on the staff of Kingston Penitentiary, Kingston, Ont. 
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METHOD 
Tests Used 


Simple reaction time to an auditory stimulus (a click) was measured electri- : 
cally by recording the time required for lifting the index finger from a telegraph | 


key. The average of 8 measurements was taken. 


Speed of finger tapping was measured by having the subject tap on a telegraph | 
key at maximum speed for 10 seconds. The taps were electrically counted. The [ 


average of 3 tapping periods was taken. 


Susceptibility to negative after-image was measured as a function of its disap. | 


pearance brightness by means of a special apparatus previously described by one 
of us (7). The average of 3 measurements was taken. 

Critical flicker-fusion frequency was measured by use of an electronically con- 
trolled intermittent neon light. The average of 3 measurements was taken. 

Scores for the two perceptual tests were obtained as limiting values of groups 
of ascending and descending measurements. Prior to the actual measurements a 
brief trial period was provided to familiarize the subjects with the tests. To allow 
for light adaptation the tests were administered in the above order. 


Subjects 

A total of 336 healthy normal subjects was tested, covering the life span from 
early childhood to maturity and old age. The subjects were grouped into the 
following 9 age ranges: 1 childhood group (5 to 9 years), 2 adolescent groups (10 
to 14 and 15 to 19 years), 4 adult groups (20 to 24, 25 to 29, 30 to 39, and 40 
to 49), and 2 senescent groups (50 to 59 and 60 to 80 years). Each age range 
contained 30 to 40 subjects, with approximately equal numbers of males and 
females. The child and adolescent groups were made up of public and high school 
students; the adult and senescent groups comprised hospital employees, members 
of an old age club, and other volunteers, and covered a large variety of 
occupations. 


Method of Analysis 


f 
F 
j 


The performance of the population was assessed graphically and statistically | 
for the influence of age and sex variables (3). Graphs were constructed for } 


each measure separately indicating the mean values of performance for the 
various groups in relation to average age. 

Sex differences were analysed first by means of Chi-square tests. When this 
analysis yielded significant or nearly significant differences (or when inspection of 
the graph of group means seemed to warrant such analysis) the means of the 
male and female samples were compared again by the two-tailed t-test and 
F-test (4). Since the age groups compared were generally larger than the male 
and female samples, age differences were assessed only by this latter method. 
Both neighbouring and non-neighbouring age ranges were compared. 


RESULTs 


As Figure 1 indicates, speed of simple reaction time undergoes a 
characteristically rapid increase from 5 to approximately 20 to 25 years 
of age, and decreases gradually from there on. However, even for the 
extreme old age group the curve never falls to the level of the slow 
reaction times found in early cltildhood. 
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When the data were subjected to statistical analysis, age differences in 
means were found to be significant between child (a) and adolescent 
(b and c) groups at the 1 per cent level, and between the adult (g) and 
old age (h and i) groups at the 2 per cent level. 

Male performance was found to be slightly but consistently above 
female performance. The difference was significant at the 2 per cent 
level when the total population was considered together, and also in 
some individual age ranges (d, e, f) below 40 years (at the 1 and 2 per 
cent levels). 

Speed of finger tapping shows somewhat similar developmental charac- 
teristics (Figure 2). From childhood (a) to early adolescence (b) and 
late adolescence (c) we find a rapid increase in speed (both increases 
significant at the 1 per cent level) which then culminates in a fairly stable 
plateau. This high level of tapping speed seems to be retained through 
life with only a slight decrease in old age (difference between group 
means g and h significant at the 5 per cent level). 

Sex differences were negligible except in the two age ranges (d and e) 
between 20 and 30 years where male performance was slightly but signi- 
ficantly higher (2 per cent and $3 per cent levels ). 

Our measure of negative after-image gave quite a different develop- 
mental picture. As Figure 3 indicates, negative after-image susceptibility 
(or the “strength” of after-images ) starts at a very low level in childhood 
and shows (unlike our psychomotor measures) no appreciable change 
unti] 20 years of age. The sudden increase or maturation for both sexes 
between age ranges 15 to 19 (c) and 20 to 24 (d) is significant at the 
1 per cent level for males and at the 5 per cent level for females. This 
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increase is also associated with definite qualitative changes, the comple- 
mentary colour of after-images appearing in the majority of subjects only 
after 15 to 19 years of age. From 20 to 50 years the variation in perform- 
ance is negligible (all differences among d, e, f, g, non-significant), but 
some decrease occurs in senescence (h, i), particularly among females. 
This decrease seems again to be associated with loss in the complementary 
aspect of the images. The presumably green colour of the negative after- 
image was reported by only 8 to 11 per cent of children, increased to 
75 to 95 per cent in adults, and decreased considerably again in old age. 
Sex differences in means were not significant except in the age range 60 
to 80 years (1 per cent level). 

Whereas investigators (2, 10, 11, 16) generally agree that the corre- 
lation between critical flicker-fusion frequency and age tends to be 
negative, there is some disagreement (6, 12) as to whether a very early 
increase in this function takes place. As Figure 4 indicates, our sample 
showed a definite rise in CFF values between the childhood (a) and 
early adolescent (b) groups (significant at the 1 per cent level). Unlike 
performance on other measures, flicker-fusion frequency also reaches 
maximum levels comparatively early, at 10 to 14 years. In the age groups 
between 10 and 30 years male performance seems to be slightly above 
female performance (significant only for age range 15 to 19 at the 2 per 
cent level). After 30 years of age, however, male performance gradually 
declines (difference of means between 25 to 29 years (e) and 40 to 49 
years (g) significant at the 2 per cent level), whereas female performance 
is well maintained up to 50 to 60 years, after which it undergoes a sudden 
decline. In the age range 50 to 59, male performance is significantly 
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below female (1 per cent level). In senescence (i) flicker-fusion fre- 
quency drops to a level lower than that found in five-year-old children. 


Discussion 


Apart from partial disagreements with respect to specific age ranges 
(1, 6, 16) the general pattern of our growth and decline curves is in 
good agreement with most previous studies of importance (5, 9, 11, 18). 
Hence we felt justified in using our results to establish baseline norms 
for evaluating the same processes in psychotic patients. For this purpose 
some of the original age ranges were eliminated when neighbouring 
age ranges showed no significant differences, and for each measure the 
population was regrouped into six new homogeneous age ranges (except 
for the after-image measure, where five were sufficient). The distribu- 
tions of scores in these new (male or female) groups, in terms of 
standard deviations around the means, constitute our measuring device.* 

This allows us to compare any patient with a group of normals of his 
own sex and age, and, more importantly, to determine both the extent and 
direction of deviations from the normal shown by psychotic patients 
generally. For example, we have found that psychomotor deficiencies 
in psychosis are often greater than in old age or early childhood, and 
have secured surprising findings on changes in the CFF level in relation 
to the course of schizophrenia. (These and related findings are being 
prepared for publication. ) 

Percentile norms would have described the performance and distri- 
bution of the normal population more adequately than standard devia- 
tions, but this was not our specific interest in these baselines. As stated 
above, we were seeking an objective, quantitative device for measuring 
the degree of psychophysiological regression in psychosis; this would 
have been impossible by use of percentile norms since the performance 
of the majority of psychotic patients tested for reaction time and 
tapping speed fell outside the performance range of the normal popu- 
lation. On the other hand, although the size of our samples may not be 
considered adequate, the distribution of scores in the different age groups 
showed no gross deviations from the normal curve; hence we felt justified 
in using standard deviations. Other investigators ars also in reasonable 
agreement with respect to the normal distribution of performance on 
the functions we tested (5, 14, 17), so that we believe our norms may 
be applied with some confidence. 

The most recent application of these psychophysiological measures 
involves the study of changes in primary perceptual and psychomotor 


3In order to save space the tables of norms are not shown here. They can be 
obtained on request from the authors. 
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functions in subjects under the influence of drugs which affect mental 
processes (8). The new discipline of psycho-pharmacology has not yet 
developed its own methodology, and experimental psychology may have 
to provide some of its time-honoured instruments for use in this 


growing field. 


SUMMARY 


Preliminary to an attempt to evaluate regression phenomena in mental 
illness, 4 simple psychophysiological measures were standardized for age 
and sex on 336 healthy, normal subjects divided into 9 age ranges between 
5 and 80 years of age. 

Psychomotor performance (simple reaction time and speed of finger 
tapping ) showed rapid developmental changes from 5 years of age to late 
adolescence, and a slight but steady decline from maturity onwards. 
Males were significantly superior in certain age ranges. Negative after- 
image performance showed more retarded development, with a sudden 
increase in the age range 20 to 24. This increase, like the decrease found 
in senescence, was accompanied by qualitative changes in the after- 
images. Flicker-fusion frequency, in contrast, reached its maximum levels 
very early, at 10 to 14 years. 

On the basis of this study norms were established for evaluating the 
same processes in psychotic patients. 
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BOOK REVIEWS 


A Textbook of Psychology. By Donatp Oxpinc Hess, Philadelphia: W. B. 
Saunders Co. [Toronto: McAinsh & Co., Ltd.], 1958. Pp. x, 276, $4.50. 


Tus REVIEW has been written from galley proofs, so that the usual com- 
ments on format and illustrative materials are lacking. It is interesting 
to read a new text without benefit of the customary accompanying visual 
aids, but it is perhaps unfair to the author. It tests his ability to com- 
municate in print, rather than in picture, in somewhat critical fashion. At 
first glance it is difficult to determine the possibilities for this text: at the 
extremes, it could be a psychology text for physiology majors, or a 
physiology text for psychology majors. It is certainly not an introductory 
psychology text in the current mode. There are no chapters on personality, 
adjustment, mental health, social behaviour, study habits or the like. 

Chapter I, “Behaviouristics and the Study of Mind,” states “Psychology 
is the study of the more complex forms of organization in behaviour, and 
of processes such as learning, perception or emotion which are involved 
in the organization.” Behaviour “is the publicly observable activity of 
muscles or glands of external secretion as manifested in movements of 
parts of the body or in the appearance of tears, sweat, saliva and so forth.” 
Mind and mental “refer to the processes inside the head that determine 
the higher levels of organization in behaviour.” Behaviouristics is a term 
to describe the method by which we “construct, in imagination, the 
complex machinery of mind that will account for the phenomena of 
behaviour.” Folowing these definitions Hebb justifies the importance of 
animal studies (which constitute most of the illustrative material) on 
the usual bases of fascination and utilitarianism, and a third unique basis, 
“it is only through working with animals that one is likely to gain a 
proper respect for man’s intellectual capacities.” 

In chapter II, “Mental Processes” (the inference from behaviour), the 
unreliability of introspective data is stressed and the approach to mind as 
inferred from objectively observed behaviour is developed. Conditioned 
reflex and discrimination are the acceptable methods for studying per- 
ception. Traditional illustrations are given, with a further application of 
objective methods to the problems of imagery, attitudes and memory. 
Inferences from limens and the summation method are discussed very 
briefly. 

The third chapter on modes of sensory control introduces the author's 
approach to thinking as an internal series of mediating processes accom- 
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panied by a constant feedback from responses in muscle. He is on familiar 
ground here and presents clearly and concisely the S-R approach to 
behaviour. The next two chapters on the nervous system and neural 
transmission present one of the best introductions to this area that I have 
seen. It is a real little text within a text. This leads directly to a systematic 
discussion of heredity, maturation, and early learning based on six classes 
of factors in behavioural development. These include genetic factors 
(physiological properties of the fertilized ovum), chemical (uterine and 
post-natal ), sensory (inevitable for a species, and individually variable), 
and traumatic (physical events tending to destroy cells). 

The level of interest drops in the surprisingly brief chapter on learning, 
memory and forgetting. Conditioning and transfer are presented tradi- 
tionally with little effort to relate the concepts to human experience. The 
next twenty pages on motivation and emotion should cause most clini- 
cians, personality theorists and such, to hit the roof. The concepts are 
wrapped up neatly in a bundle of nerves and glands, tied with homeo- 
stasis, and tucked into the centre of the text with a passing nod to Koehler 
and Yerkes. 

Back on the nervous system switchboard analogy, the author treats per- 
ception as preparation for response, specific or generalized, emphasizing 
the motor correlates. This leads to a discussion of the problems of con- 
sciousness, purposive behaviour and problem solving. The section 
attempts to clarify by substituting terms. Consciousness is equated with 
“complex thought processes,” insight with “functioning of mediating 
processes in the solution of problems.” The beginning student will find this 
section difficult, but will benefit from the discussion of scientific thinking. 

The happiest writing in the text comes when most needed, in the 
sections on statistics and problems of measurement. They comprise a 
sympathetic introduction to the field although it is amusing to note that 
no reference is made to a statistics text. The student is told to consult his 
instructor! Intelligence as a topic finally appears as an illustration of 
problems of measurement—the I.Q. is dead. A brief discussion of psy- 
chology as an academic discipline and an applied science completes the 
presentation. 

The usual comments on style, referencing, and organization seem irrele- 
vant when considering this text. It is not an encyclopaedic survey of 
psychology (references are very scarce and highly selective), but a state- 
ment of what psychology should be and should do. As such, it is very 
clearly at the heart of the ever-present debate concerning the first course 
in psychology—concepts or content. What is obviously proposed in this 
book is a fixed concept applied to the organization of a limited set of 
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phenomena. Consequently it is systematic, and almost unique in the 
introductory field, providing the student with an approach, avoiding the 
confusions of eclecticism. For those instructors who do not feel it is the 
approach a curious problem emerges. They have not had to believe in 
Ruch or Munn or Morgan. Must they now believe in Hebb in order to 
use this text? Students will; for here is a bible for baby behaviourists 
without parallel. And herein lies the value of the book. For once, an 
author has dared to take a position with introductory material. The 
serious student (the text has a built-in ejector for the flippant) will at last 
have a position from which to question his instructor, to question concepts 
and methods. The danger perhaps is in the provision of one approach 
without exposure to others, before the student is ready. This is the 
problem for the instructor, however, and suggests that the text might be 
very valuable for the instructor who disagrees with the emphasis. In 
my opinion the text is a major contribution to the introductory field. It 
should stimulate appraisal of the functions of the beginning course, be 
useful at more advanced levels of study, and both anger and delight the 
professionals. 

H. O. STEER 
University of Toronto 


Annual Review of Psychology, Vol 9. Edited by P. R. Farnsworru and 
Q. McNemar. Palo Alto, Calif.; Annual Reviews Inc., 1958. Pp. viii, 
548. $7.50. 


VoLuME 9 of this increasingly valuable publication introduces several 
changes in content, with three new topics (perception, engineering psy- 
chology, and psychoiogy in the U.S.S.R.); motivation is to be treated 
next year. Certain sub-areas will no longer be surveyed annually, but 
the general character of the Review will be maintained. 

Perception is covered by Prentice of Swarthmore in a penetrating 
analysis of a confused field. He questions the assumption (needed only 
by those who reject the category of “experience” ) that perception is some 
kind of response, and finds Bruner’s view that it is an inferential process 
“of small comfort” while we know so little about inference. 

Verplanck deals with comparative psychology, and his introductory 
discussion of ethology and psychology should be read by all whose zo- 
ological lore ends with the albino rat. We have shown little willingness, he 
thinks, to learn from other animal students, and are still quite unsophisti- 
cated as to the manifold ways in which environmental events may operate. 
Even our most sacred fetish, experimental control, may betray us: Ver- 
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planck shows how psychologists have sometimes “controlled literally 
out of existence” the environmental conditions necessary for the be- 
haviour they sought to study. The whole review is healthy reading. This 
year's chapter on physiological psychology largely ignores the central 
nervous system but includes the physiology of hunger, thirst, and taste, 
and the little explored effects of nutrition on behaviour. 

Child psychologists will profit by Pauline Sears’ survey of develop- 
mental psychology, the most complete for some years. Bowlby, Ainsworth, 
et al. are cited as evidence that some earlier workers exaggerated the 
effects of maternal deprivation; at the same time, Rheingold’s study of 
institutional babies shows the importance of single rather than “multiple” 
mothering. Perhaps such findings may later be linked with the ethologists’ 
“imprinting.” Ordinal position, too, is back in the news, thanks to Koch’s 
elaborate study, though the Harvard work of R. R. Sears and his team 
suggests that the sibling differences found may reflect differential parental 
treatment. A final point from this important chapter is Sears’ conviction 
that empirical studies have heavily damaged Piaget’s theory of cognitive 
“stages”. 

For D. H. Lawrence the chief news about learning theory is still 
Spence’s partial shift to a contiguity position; with the Iowan sage advanc- 
ing a two-factor theory, “it is time for Tolman to take the far side of the 
bed.” The general situation in learning grows no simpler, and one can only 
marvel at the persistence (not to say compulsiveness ) of those who spend 
their lives unravelling the increasingly tangled coil of findings. Discrimi- 
nation learning, stimulus generalization, and transfer effects all become 
more complex as research accumulates, and things are made no easier 
by the growing number of reports that learned responses are not the same 
at different stages of training. Still unsolved, too, are the problems of 
measuring learning and drive; in both fields different performance 
measures give us different results. Finally, if psychologists are unsophisti- 
cated, rats apparently are not, and Murphy and Miller make the alarming 
suggestion that certain puzzling findings on secondary reinforcement may 
be due to the animals’ developing a rapid discrimination between the 
training and the test situations, and hence failing to display the behaviour 
they should have learned. The chapter is expertly organized, and written 
with beautiful clarity and style. 

Arthur Jensen provides a highly critical review of personality research, 
asserting that “the standard projective techniques . . . have been a failure 
methodologically and substantively” and that the Rorschach in particular 
is “worthless as a research instrument.” Only McClelland’s adaptation of 
the TAT escapes his censure. As for research using the authoritarianism 
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scales, most of it consists, he thinks, of correlating one unknown with 
another. George Kelly writes an amusing and provocative chapter on 
assessment, and Roger Heyns gives us an unusually encouraging picture 
of work in social psychology. The chief surprise in Mintz’s survey of 
Soviet psychology is the mentalistic character of accepted definitions: 
psychology is a science of the “mind,” which consists of cognition, feeling, 
and will, and in man takes the form of consciousness. Not what one 
expected from dialectical materialism and Pavlovism, but Mintz shows 
the historical background of the beliefs. The remaining nine surveys are, 
as usual, readable and highly informative. 

The subject index has been improved, and most bibliographies now 
give titles of articles as well as reference data. Five chapters still list 
references in order of mention, rather than alphabetically, and the pub- 
lishers have apparently decided to retain the old style of citation followed 
in their other reviews. 

J. D. Kercuum 
University of Toronto 


The Measurement of Meaning. By Cuartes E. Oscoop, GrorcE J. Suct 
and Percy H. TANNENBAUM. Urbana: University of Illinois Press, 
1957. Pp. 342. $7.50. 


IN THE EXPURGATION of introspection from classical behaviourism, “mean- 
ing” was the baby thrown out with the mentalistic bath. The analysis of 
“meaning” is probably the most complex and least investigated aspect of 
contemporary psychology. Osgood and company outline some experi- 
mental first steps in the rescue of this problem from its limbo of disrepu:e. 

Following Charles Morris’ treatment of sign behaviour as a dispositional 
process, the meaning of a sign is defined as “a representational mediation 
process—representational by virtue of comprising some portion of the 
total behavior elicited by a significate and mediating because this 
process, as a kind of self-stimulation, serves to elicit overt behaviors, 
both linguistic and non-linguistic, that are appropriate to the things 
signified” (pp. 318-19). 

The book is a far cry from the usual armchair speculations on this 
subject. Representing six years’ work and over fifty studies, it constitutes 
an exciting research adventure into this most complex problem. Techni- 
cally detailed and documented, it presents the rationale for and use of 
factor analytic techniques in the development of a method of measure- 
ment, the Semantic Differential. Self-consciously, the authors rigorously 
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appraise the reliability and validity of the Differential, each step being 
carefully developed for the reader. 

Equally interesting is the application of the Differential to three other 
areas of psychology, attitude measurement, personality and psycho- 
therapy, and communication research. Their choice of examples, such as 
a blind analysis of a case of triple personality, exhibits the relation 
between these areas in a new light. Scrupulously fair, the authors point 
out the gaps between theory and measurement. In reviewing their work 
in conclusion, several criticisms are anticipated and their future pro- 
gramme outlined. 

Drawing liberally from the researches of clinician and experimentalist 
alike, Osgood has formulated a problem area which may well provide 
the much needed basis upon which the integration of psychology can 
be effected. 

NORMAN FLETCHER 
University of New Brunswick 


The Social Problem of Mental Deficiency. By N. O'Connor and J. Tizarp. 
London and New York: Pergamon Press, 1956. Pp. viii, 182. $5.00. 


THE AUTHORS’ MAIN PURPOSE in writing this book has been, “To summarize 
work on mental deficiency carried out by members of the Medical Re- 
search Council’s Social Psychiatry Research Unit” at the Maudsley 
Hospital in London. Most of the research is concerned with the evaluation 
of methods of training mental deficients, predicting their occupational 
success, and examining the factors which facilitate their adjustment to 
community life. These findings are presented following a brief review of 
the history and prevalence of deficiency and a survey of mental deficiency 
services in Great Britain. The authors conclude by presenting suggestions 
for revising training methods in the light of their current research results. 

The volume is a succinct and modest account of the work done at the 
Maudsley and the authors have accomplished their main purpose with 
distinction. Because the scope of the book is limited, however, its use- 
fulness may be confined to those who are unfamiliar with the general 
area of deficiency or to those who are attempting to alter the opinions of 
traditionalists regarding training methods. Indeed, the tone of the book 
and the cautious manner in which suggestions are offered hint that 
O'Connor and Tizard may have been writing for administrators rather 
than colleagues, since few professionals would oppose the views they 
advance. 

This book, as mentioned before, has a limited aim. As such, it would 
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serve well as a section illustrating the problem created for society by the 
mentai defective, in a text with more comprehensive aims, among which 
might be an evaluation of the “mental defective’s social problems.” 


E. T. ALDERDICE 
Ontario Hospital, Toronto 


Clinical Psychology of Exceptional Children. By C. M. Lourrrr. Third 
edition. New York: Harper & Bros., 1957. Pp. xii, 573. $6.00. 


Tus EDITION of Dr. Louttit’s twenty-year-old text on deviant behaviour 
in children provides us with much than the usual old text revamped for 
a new market. Recognizing the increased complexity of data and 
approaches in this field, he has judiciously invited five specialists to 
contribute chapters in their particular areas. The result is unique in that 
the volume does not become a series of articles bound by a hard cover. 
It is still very much Dr. Louttit’s work, enhanced by specific contributions 
which retain a common emphasis in their approach to children. 

The initial three chapters provide an extremely clear-cut frame of 
reference within which to view deviant behaviour. They cover normal 
child development and psychological measurement in terse but com- 
prehensive fashion. Moving from this basic concept of normality, Louttit’s 
own major chapter on mental deficiency provides us with a sixty-page 
systematic review that by itself stands as a useful reference. The follow- 
ing two chapters on school retardation and specific disabilities in school 
subjects, by H. F. Powell, and the section on the gifted child by V. and 
N. G. Goetzel, introduce the distinctions between the concept of capacity 
and the measurement of actual performance. The introduction of a major 
section on anxiety and problem behaviour by M. M. Reece gives a unique 
emphasis to the emotions and motivations of the child, with realistic 
concern for nervous habits, temper displays, sleep problems—in general 
the daily behaviour of children which can prove so baffling. The dis- 
cussion of anxiety leads logically into Louttit’s survey of juvenile de- 
linquency, in which he outlines the extent of the problem, summarizes 
the specific information available, and provides a brief discussion of 
causes, treatment, and the role of the psychologist. Speech defects are 
dealt with by J. Matthews with a summary of speech development, 
articulatory defects, rhythmic and voice disorders, and the definition of 
the aphasic disorders. The remainder of the text is devoted to sensory 
and neurological disabilities, and succeeds in presenting this very 
broad area in sufficient detail to outline the neurophysiological aspects 
without ignoring the psychological implications. 
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The book is noteworthy for its richness of references, and for the 
logical fashion in which the sections are related. This is not a lazy 
student's text. It has a minimum of pictures and a maximum of concise 
documented information. As an introduction to deviant behaviour, for 
courses in which information rather than personality theory is desired, 
this book has no equal. By the unfortunate death of Dr. Louttit psy- 
chology has lost one of the most able systematists in this difficult field. 


H. O. STEER 
University of Toronto 


New Sooke 


FRAMES OF MIND 


By Henry Yellowlees, Consulting Physician to St. Thomas’s Hospital, 
London. An eminent psychiatrist, the author shows how psychiatric patients 
really do speak and act. Also problems the psychiatrist has to face. A human 
document of the first order. $5.00 


THE INSIDE OF THE CUP 


By Alysia Wingfield. With sudden terror, a woman realizes that she is in a 
mental home, certified without her knowledge. She is a brave and irrepres- 
sible woman and writes of her experiences with sardonic humour. $3.25 


ADVENTURE INTO THE UNCONSCIOUS 


By John Custance. The author here amplifies his personal story, begun in 
Wisdom, Madness and Folly, written in a mental hospital during an attack 
of manic-depressive insanity. $3. 


THE RYERSON PRESS 
299 QUEEN STREET WEST, TORONTO 2-B 








ENQUIRY 


into 
GOODNESS By F. E. SPARSHOTT 


This is a fresh and original investigation into the 

problem of ethics, aimed at those who have some 
acquaintance with contemporary philosophical writing 

but feel baffled or repelled by it, or who, while studying 
philosophy, have not yet decided about the basic 
questions of philosophical method. The author attempts 

to describe accurately the way philosophers go about 
solving the problems of ethics. He writes in a lucid and) 
graceful style pleasantly seasoned with touches of wit 

and apt metaphor; he has an excellent ear for the 

subtleties of linguistic usage, and a mastery of the field 

of ethics which will command the respect of interested 
laymen and professional philosophers alike. $5.50. 


n 
”n 
a 
x 
oe 
° 
& 
Zz 
o 
x 
° 
= 
~ 
° 
~ 
= 
n 
a 
oa 
e 
Zz 
2 


A NEW BOOK IN PSYCHIATRY 


Autonomic Imbalance and the Hypothalamus: 
Implications for Physiology, Medicine, 
Psychology, and Neuropsychiatry 


By Ernst Gellhorn 


A report on experimental and clinical investigations of 
balance or imbalance in the autonomic nervous system. 
Provides data on the relation of the hypothalamus to 
vascular, respiratory, and visceral functions and shows how 
clinically applicable methods for the study of certain dis- 
orders at the hypothalamic level may be devised. 

$9.25 
Educational Discounts 


THOMAS ALLEN, LIMITED 
266 King Street West — Toronto 2B 








os 





est 














